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BRAEHEAD POWER-STATION 


B.E.A. SOUTH-WEST SCOTLAND DIVISIO 


























132-kV 

INDOOR 
SMALL-OIL-VOLUME 
SWITCHGEAR 
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Switchgear 


by 
REYROLLE 


HEBBURN 
CO. DURHAM 
ENGLAND 
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“ENGLISH ELECTRIC’ 


TRANSFORMERS 


A number of transformers are being built by the 
Company for operation at 220kV and higher volt- 
ages for service in various parts of the world, 


INCLUDING A 120,000KVA, 275kV, 3-PHASE UNIT 
FOR THE BRITISH ELECTRICITY AUTHORITY 


The illustration shows an artist’s impression ofan outstanding 
Transformer installation, now in process of manufacture, having 
the following characteristics :— 


90,000k VA bank of single-phase units. 
Separate windings for service at 220kV, 115kV & 38kV. 


Provision for in-phase voltage regulation and 
phase-angle regulation on the [15kV winding. 


THE 


English Electrie 


COMPANY LIMITED 
TRANSFORMER DEPARTMENT : « STAFFORD 


Works: STAFFORD » PRESTON * RUGBY » BRADFORD - LIVERPOOL 
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Land of unusual attainments, Canada 
also has unusual requirements, but when 
the Canadian Car & Foundry Company 
of Montreal wanted a giant ‘rolling door’ 
far beyond the usual specification, it was 
not beyond Brady. Ordered on Fanuary 
28th, 1949, it was despatched on Fuly 12th, 
1949, and in operation on August 5th, 
1949 ; proof that the Brady organisation 
can tackle out-of-the-ordinary rolling 
shutter problems as efficiently as the stan- 
dard installations which have won ‘Brady 


Roller Shutters’ an international grading. 








This Brady project, 42’ x 
18° is an object of interest 
in Montreal, commercial 
capital of the Dominion, 
headquarters of the C.P.R., 
where it is one of the largest 
‘rolling doors’ ever planned 
and created. 


G. BRADY & CO. LTD - ANCOATS - MANCHESTER 4 - Phone: COLlyhurst 2797/8 
LONDON : New Islington Works, Park Royal, N.W.10 BIRMINGHAM : Rectory Park Road, Sheldon 26 
CANADA : c 0 DAVID C. ORROCK & CO. 1405 Bishop Street, MONTREAL 25. 

Manufacturers of Brady Hand and Power Operated Lifts 
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WATER POWER, ENGINEERING 
wm SOUTHERN_INDL . 


}The first four 19,000 h.p. 
= Pelton Turbines installed 
for the Government of 
Mysore at the Jog Falls 
Station came into commer- 
cial service at the end of 
> 1948. 

Further extensions to this 
Station comprise four 
double runner 4-jet hori- 
tzontal shaft Peltons, each 
designed to develop 32,500 
® hp. under a nett head of 
1190 feet. 


= Manufactured at the 
) Works of Markham & 
Co, Ltd., Chesterfield. 


ving 


E COMPANY LIMITED 


WATER POWER ENGINEERS 


Head Office: 
56, KINGSWAY, LONDON, W.C.2, ENGLAND 


Branch Offices: Wellington: Druids Chambers, Woodward Street. 
‘ : ) Melbourne: 99 Queen Street 
presentatives in all Calcutta: c/o Messrs. Macneill & Barry Ltd., 2 Fairlie Place. 
parts of the world. Chittagong :(Pakistan) c/o Messrs. Macneill & Barry Ltd., Strand Road. 


B.C.3 
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THE CLAERWEN 


Jor the 


CITY OF BIRMINGHAM 
WATER DEPARTMENT 


Sir William Halcrow & Partners MMICE 


Consulting Engineers 


EDMUND NUTTALL 


SONS & COMPANY (LONDON) LTD 
Civil Engineering Contractors 
22 ,.GROSVENOR GARDENS , LONDON, S.W.1. 
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Our weil-tried machines 


and apparatus afford 





maximum reliability 


4 Control room and machine hall at 


a the Rossens-Hauterive power station 


(Switzerland) 








| All the alternators in this 
‘ station, as well as the 
} protective and _ regulating 


equipment, were supplied 


| » by Brown Boveri 


‘ In foreground two 
| three - phase 20,000-kVA, 


| 300-r.p.m. alternators 











BROWN, BOVERI & CO., LTD., BADEN (SWITZERLAND) 
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——— GILKES 


for water power 


TYPES OF WATER TURBINE 
2—THE TURGO IMPULSE WHEE| 


“The Turgo Impulse Wheel is a medium. 
head, free-jet Impulse Turbine designed an 
manufactured exclusively by us. This typ 
of Impulse Turbine, which has a Specifi 
Speed of 11.5 English Units, is used to bridg: 
the gap which occurs between the cased 
Reaction Turbine and the Pelton Wheel 
Other manufacturers are compelled to bridg: 
this gap by fitting two or more nozzles o 
runners to a standard Pelton Wheel, which 
is an expensive and complicated arrangement. § 


“For any given head and power the Turgo 
Impulse Wheel runs at approximately twice 
the speed of the corresponding single-je 
Pelton Wheel. Its relatively high speed makes 
it smaller in size and less expensive, and also § 
reduces the cost of the generator driven by 
the turbine.” 


Extract from GILKES Handbook: “On 
the Development of Water Power.” 


Part section of standard medium- 
powered Turgo Impulse Wheel 
fitted with hand spear regula‘or 


agit nies 


GILBERT GILKES & GORDON LTD a 


WATER TURBINE AND PUMP MANUFACTURERS 
London Office: CRAVEN HOUSE, KINGSWAY. LONDON W.C.2 ’Phone: Holborn 3232 


@c2 
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Exporters 
to all parts 
of the World 


Cement complying with 
BSS No. 12/1947 


Special low heat 
cement for dams 


White Cement. High 
early strength cement 


Special pozzuolanic 


cement for sea works 


ANNUAL CAPACITY 3,000,000 TONS 


31 WORKS THROUGHOUT ITALY 


CENTRAL LABORATORY FOR RESEARCH 
ON CEMENT & CONCRETE 





WATER 
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ITALCEM 
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CAPITAL—ITALIAN LIRE 4,000,000,000 


FABBRICHE RIUNITE CEMENTO 


BERGAMO : 


ENTI,”” P.0.B, 247, BERGAMO (ITALY) 
195] 


ITALY 


CABLES 


ITALCEMENTI, BERGAMO 











Turbines and Accessories 
for Water Power Plants | 


We have delivered or under construction more 
than 15,000 Kaplan-,Francis- and Impulse Turbines 
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One of 3 Kaplan Turbines for a River Power Plant, 34,000 HP each under a head of 35 ft. Diam. of the Runner 23 ft. 


J. M. VOITH G.m.b.H., Engineering Works, 
Heidenheim (Brenz) Germany 


9.4.51 Hir 


WATER POWER May J 





STANDARD Generator Control 
desk and mimic diagram 
at Loch Sloy power station 
provides full facilities for 
direct indication and control 
of four 32 MW generators 
and six 132 kV feeders. 
Generator controls include 
Raise-Lower speed, 
Raise-Lower excitation 

and Open-Close generator 
circuit breaker. Fingertip 
controls operate SOV D.C. 
circuits at a few milliamps, 
enabling telephone cable to 
be used instead of the 
multi-core V.I.R. cable needed 
with older systems. All 
protective devices are 
continuously monitored and 
indicated by a STANDARD 


Direct Wire Alarm system. 


FELEPHONE 


WATER 


POWER > May 


195] 





128 MW at 
om 132 KV under 
= fingertip 
= control 


| gee RS for 30 years in the field of remote control 


of switchgear, Standard have installed systems 
throughout the world. Now, at Loch Sloy, Standard again 
lead with the first Miniature Direct Wire Remote control 
system to be applied to the control of hydro-electric 
generators. 

At Locu SLoy, the most modern hydro-electric power 
station in the world, all turbine, generator, switchgear 
controls and meters necessary for synchronising and efficient 
loading have been centralised in the control room by means 
of Standard Miniature Direct Wire Remote Control. 

Using entirely telephone-type apparatus, this advanced 
control system convincingly demonstrates that miniature, 
easy-to-handle equipment is safe and reliable when applied 
to the control of the largest generators and is indicative of 
Standard’s ability to meet, in the field of telecommunications, 
the most exacting requirements of modern power generation. 


Srandard Telephones and Cables Limited 


Registered Office : Connaught House, Aldwych, London, W.C.2 


DIVISION Oakleigh Road, New Southgate, London, N.11 


11 





We specialise in manufacturing 
Power Transformers for Gen- 
eration. Transmission and Dis- 
tribution. All YORKSHIRE 
Transformers are designed, con- 
structed and tested to the 
corresponding British Standard 
Specification. 

We make Transformers to suit 


all requirements up to 45,000 
k.V.A. - 132,000 volts. 


YONRIKSIANMIRIE 
T IRANSIE OIRMIIEIR 








Phone. DEWSBURY 1691/2 
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But there is nothing vague or blurred about the performance of 


WATER 


POWER 


May 


BUTTERS DERRICKS 


or any other Butters model: crisp performance and reliability, 
fitness for purpose and adaptability are the features. 

These pictures show two of several derricks which were in use 
on the construction of the Ballyshannon Hydro-Electric Scheme 
(Main Civil Engineering Contractors : Messrs. Cementation Co., 
Ltd., Doncaster), a fixed 5-ton model with 130-feet jib, and left, 
a travelling 5-ton crane with 90-feet jib. 


BUTTERS BROS. & CO. LTD. 


MACLELLAN STREET : GLASGOW, S.l. 
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FACILITIES FOR THE SMALLEST OR LARGEST 


The 225-acre Newport News plant includes plate steel and machine shops equipped 
with a complete variety of tools to fabricate items of water power equipment of any size. 
Contracts received by Newport News for hydraulic turbines with an aggregate rated out- 
put in excess of 7,000,000 horsepower have included units as high as 165,000 horsepower 


and as low as 500 horsepower. 


Supplementing the extensive facilities are the equally important experienced and 
skilled personnel at Newport News to design and build such equipment. 


Your inquiries for hydraulic turbines of any size will receive prompt attention. 


Write for illustrated booklet on water power equipment. 


NEWPORT NEWS 


SHIPBUILDING AND DRY DOCK CO. 
NEWPORT NEWS, VIRGINIA, U.S.A. 
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| Arrol: 


Steel Framed Buildings 












| of course ana a 


hundred and one other structures 


NEW LANDMARKS of industry appear 


apace. Many of the larger projects completed 
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and in hand bear witness to the strength of 
Arrol resources. Wide experience of Steel 
fabrication and erection has enabled problems 


of labour and material shortages to be sur- 
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mounted, with benefit to general practice. 








All types of Steel Framed Buildings, Fixed and Opening Bridges, Cranes and 
Mechanical Engineering work, Dock Gates, Sliding and Floating Caissons, Compressed 
Air Locks, Hydraulic Machinery, Pipe Lines, Surge Tanks, Sluices and other equip- 
ment for Hydro-Electric Stations. 








The illustration is of Croydon *‘ B"’ Generating Station in course of construction. 
Consulting Engineers: F. N. Rendell-Baker, M.1.E.E., C. S. Allott & Son. 












SIR WILLIAM ARROL & COMPANY LIMITED, GLASGOW 


Hopwood 
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Complete Facilities for the Production of 


HYDRAULIC 
TURBINES 


Francis, Propeller or Impulse—small, me- 
dium or large—at Dominion Engineering 
are the complete facilities and the long, 
specialized experience to produce them. 


Here, for example, are foundries which 
produce iron, steel and bronze castings. 
Here, too, are plate steel and machine shops 
equipped with a complete variety of tools 
to fabricate any size or type of turbine. 


Tho extent of such facilities is your assur- 
ance of quality production and good deli- 
veries to any part of the world. Dominion 
Engineering is at your service whenever 
you are considering new water power 
developments. 


Write to P.O. Box 220, Montreal, for 
Hydraulic Turbines Bulletin No. 201. 


COMPANY LIMITED 
MONTREAL, CANADA CABLE: DOMWOR KS 


‘ 
™ 
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HYDRO - ELECTRIC 
PLANT 


AFRICA 
CANADA 
AUSTRALIA 


SOUTH 
AMERICA 


ETC. 


THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 
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Hendetsen 


AERIAL CABLEWAYS 
tor Hydro-Ekeciic S_hemcs 
Night and day in all weathers 
Henderson Aerial Cableways 
consistently maintain scheduled 
construction programmes. The speed, 
economy and efficiency of Henderson 
Cableways are essential factors in large 
building, constructional and _ hydro- 
electric undertakings. Henderson Cable- 
ways were used for the construction 
of the Dams at Loch Sloy and Glen 
Shira, North Scotland, Hydro- 
Electric Board, and _ various 
other home and overseas 
undertakings. 
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KING’S WORKS , ABERDEEN Phone 24262 


JOHN M. HENDERSON AND COMPANY LIMITED 
WATER POWER May 1!95l 
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Manufacturing 


programme: 


Electric generators, trans- 
formers, motors, convertors 
and rectifiers of all capacities 
and for all purposes. 

Electric switchgear and ap- 
paratus of all kinds for power 


installati One of the three 105,000 kVA generators in course 
installations. 


of erection in the Harspranget power station, Sweden. 
Auto and hand - operated 
equipment for remote and ' ‘cal 
local contro! of power instal- reden’s biggest industrial enterprise and one of the leading electrica 
lations of all kinds. | ASEA ; Suamie's ~——— paste n : si 65 years Manufacturing programme 
Complete electric power instal- manufacturing concerns in the world wed eee See ee 
lations for ships. covers every aspect of the heavy electrical industry. 
Relays, voltage regulators and 
surge protective apparatus. Notable ASEA Records : 
Electric furnaces for metallur- ‘ 
gical and ceramical processes. WATERTURBINE DRIVEN GENERATORS .......... ; 105,000 kVA 
saa locomotives and motor | TRANSFORMERS, three-phase units iS 135.000 kVA 

ank 345 I 
Tramcars, trolley-buses, electric TRANSFORMERS, single-phase units in three- siete banks ‘ eer 345,000 — 
Eanes, trucks and tractors for POWER TRANSMISSION castes Re iad ae 
traffic. 


Mining hoists and_ electric 
equipments for same. 


Cranes, travelling cranes, lifts, 
hoists and telphers. 


Precision gears and geared 
motors. 


Electric machine tools. 





Electric welding convertors, 
resistance welding machines, 
welding transformers, auto- 
Matic welding equipments and 


electrodes. | VASTERAS—SWEDEN 








Hydro-electric Equipment 





Two of the three 17,500 kVA. 11,000/66,000/ 
110,000 volt step-up transformers, installed at 
the Mettur Hydro-electric Power Station for 
the Madras Government. 


Core and coils being lowered into tank after 
final drying-out prior to shipment. 


For all plant required for Hydro-electric 
Power Schemes—Consult BTH 


i 





BRITISH THOMSON-HOUSTON 


THE BRITISH THOMSON-HOUSTON CO. LTD., RUGBY, ENGLAND 





Member of the AEl group of companies 
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CENTR 
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CHRISTIANI & NIELSEN 


CIVIL ENGINEERS AND CONTRACTORS—ESTABLISHED 1904 


I ee 
: z . 


—e 








Backed by the experience gained during 47 years working in 35 
countries, the Christiani & Nielsen Organisation can undertake large- 
scale civil engineering work of all types in any part of the world. 


SPECIALITY : Marine and Hydraulic Structures. 


LONDON OFFICE: 54 Victoria Street, S.W.1. 
Telegrams : Reconcret, London. 


CENTRAL DESIGNING OFFICE : Vester Farimagsgade 41, Copenhagen 
Telegrams: Jernbeton, Copenhagen 





ALSO OFFICES IN: Aarhus - Bangkok - Bogota - Buenos Aires - Cape Town - Caracas - Durban 
Hamburg - Helsingfors - Lima - Lourenco Marques - Mexico City - Montevideo - New York 
Oslo - Paris - Rangoon - Rio de Janeiro - Stockholm - The Hague. 
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13,333 kVA, 11,000 volt, 500 r.p.m 
vertical-shaft generator for the Loch 
Fannich scheme of the North of 
Scotland Hydro-Electric Board 


HORIZONTAL & 
VERTICAL TYPES 


DESIGNED TO INDIVIDUAL 
SPECIFICATIONS 
e@ees 


Bruce Peebles are building numbers of 
hydro-electric generators in sizes up to 
24,700 kVA, for various schemes of the 
North of Scotland Hydro-Electric Board. 
Views at left show the first two schemes 
“oa : inaugurated by the Board. 
le ee L 
ie och Morar: Two 625 kVA, 415 volt, 
333 r.p.m. 
Lochalsh: Two 625 kVA. 415 volt, 


The 
Insulat« 
Depart: 


BRUCE PEEBLES & CO. LTD.. EDINBURGH, SCOTLAND ; STE 


Stourport 
3805 women 
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Post Insulators 
were specified by the 
New South Wales 
Public Works Department for 
Burrinjuck Sub-Station. 


All S.P.P. Cylindrical Post Insulators are protected by British Letters Patent 


ate 


The Burrinjuck 132 kV Switching Station was equipped with Cylindrical Post au 
Insulators type P.703. This is one of many stations on the New South Wales Public Works 
Department system equipped throughout with S.P.P. Post Insulators for r1okV and 66kV. 


STEATITE & PORCELAIN PRODUCTS LTD. 


Stourport-on-Severn, Worcestershire, Telephone Stourport III, Telegrams : Steatain, Stourport, 
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TUNNELLING | 
IN ROCK... 


4: \ 
Tadao * 
SSUES \ 


Vast drilling and tunnelling projects as 
typified in the illustration depend on 
adequate and reliable compressed air plant. In 
turn, this calls for the resources of a big organisa - 
tion—an organisation with the skilled technical 
knowledge and design experience to ensure 
maximum performance and consistent operation. 
Examples cf how the Consolidated Pneumatic Tool 








l 
Me. TDgQS 


NL 


Company measure up to these requirements 

is shown in their rock drills, portable 
compressors and pumps, which are ever in 
demand for projects of this nature. These factors 
coupled with the unrivalled experience of C.P. 
rock drilling experts are among the reasons why 
so many of the leading contracting and civil 


engineering firms... 








CALL IN CONSOLIDATED 


FRASERBURGH 





LTD. - LONDON & 


Bridgend - Belfast - Dublin 
and principal cities throughout the world. 


TOOL Ce. 


Birmingham ~ Leeds 


CONSOLIDATED PNEUMATIC 


Offices at Glasgow ~° 
Melbourne ~- Paris 


Manchester Johannesburg 


Rotterdam 


Newcastle 


Bombay Brussels ‘ Milan 





WATER POWER May 1951 
































WATER POWER May 1951 











—in the production of Oil-Filled 

Cable—as indeed of all types of cable—the 

_m  Pirelli-General Cable Works is a complete 
manufacturing unit. As with other raw 
material used, so with Oil. On delivery it 
passes immediately into the control of men w ‘ose job it 
is to condition it for one highly specialised purpose—that 
of cable manufacture. P-G chemists and technicians test 
the Oil for dielectric strength, power factor and electrical 
stability. They clarify and degasify it until as processed 
oil it is again tested before being pumped into pressurized 
reservoirs for ultimate use in oil-filled cables, joints and 


accessories-—all top-grade products worthy of the name 


PIRELLI-GENERAL. 


33 kV to 330kV 


/OIL-FILLED SUPER TENSION CABLE 


fRELU . UENneRaL 








MANUFACTURERS OF EVERY KIND OF ELECTRIC CABLE 
ae TLS ES TS 


PIRELLI-GENERAL CABLE WORKS LTD., SOUTHAMPTON. (An Associate of The General Electric Co., Ltd.) 
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Production commences rep 4 with the famous 


MARION 111-M 33 and 93-M 23 cubic yard models 


JOHN BLACKWOOD HODGE: C°™ 


Sales : Works & Service: 
Il BERKELEY ST., W.I. HUNSBURY, NORTHAMPTON 


Telephone: Mayfair 954 Telephone: Northampton 5262 


UK., U.S.A., EIRE, BELGIUM, PORTUGAL, SPAIN, S. AFRICA, E. AFRICA, W. AFRICA, RHODESIAS & NYASALAND, BELGIAN CONGO, ANGOLA, MOZAMBIQUE, 
INDIA, PAKISTAN, CEYLON, BURMA, AUSTRALIA. 
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HE massive rope drum for a 
110-ton Morris crane is here 
shown being lowered on to the crab 
frame. Behind the drum is the crab 
traversing gear and the auxiliary 
lifting gear which in this instance 
is for a capacity of 10 tons. The 
crane was recently despatched to a 
hydro-electric power station in India 
—one more to the long list of 
Morris cranes already giving reliable 
service in power stations all over 
the world. 


HERBERT MORRIS LTD., LOUGHBOROUGH, ENGLAND 
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by the 1951 prestige year tet ; est to deal with the 
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vagaries of the Tide of the Thidtnes. as it lapped at the site 
of the proposed New Sauth Embaitkment. 


All points considered, resources — quality — 





reliability — speed — economy — a first-class Building and Civil 
Engineering Organisation completed the works ahead 


of schedule .. . 


+ | CONTRACTORS TO THE WORLD rh ‘Os T. Al NX 





HEAD OFFICE: DOLPHIN SQUARE + LONDON - S.W.1 . Victoria 6624 
BRANCHES: TURKEY - MIDDLE EAST - RHODESIA - UGANDA: NIGERIA 
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low to be 
certain about 
a power 
project... 


The safest way to set about a new electrical power 
project is to order all the plant from Crompton 
Parkinson Ltd. It’s the best way, too. This pioneer 
Company makes the transformers, switchgear, cables, 
and rotating plant in its seven factories in Great 
Britain. You know that every piece of equipment in 
the job is of the same quality—as high as any in the 
world. And you have the additional advantage of 


dealing with one supplier only. 


(romptonY Parkinson 


LamMirTeD 


(OVERSEAS DIVISION) 
CROMPTON HOUSE, ALDWYCH, LONDON, W.C.2, ENGLAND 


Cobles Crompark, London 


Branches and agents in all the principal countries of the world 


PRODUCTS INCLUDE: 
LAMPS AND LIGHTING EQUIPMENT - CABLES - ALTERNATORS - TRANSFORMERS 
SWITCHGEAR - METERS - A.C. AND D.C. MOTORS OF ALL KINDS - D.C. 


GENERATORS - CAR STARTER AND COMMERCIAL BATTERIES - TRACTION aa | 
BATTERIES - INSTRUMENTS - TRACTION EQUIPMENT - CEILING FANS ELECTRICAL EQUIPMENT 
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The SHORTEST distance befween 
two points.... 


f 


the most 
economical : 
where transport 
is concerned @& 
Made tn Great Britain 


CERETT! & TANFANI ROPEWAY C2. LID. 


Imperial House, Dominion Street, London, E.C.2. 
CLErkenwell 1777 (8 lines) 
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GREATEST FOOTAGE—LEAST FATIGUE 


The R.V.240—a rapid-striking drill specially designed for use with 
Tungsten Carbide bits—does the drilling, the ‘‘Maxleg” does the 
supporting and the operator escapes fatigue ; which is the economical 
way of using both men and machines. Holes can be drilled in any 
position (even right down on the ground) and in the hardest rock with 
the same ease. As to speed, the pneumatic feed of the ‘‘Maxleg” 
ensures not only more accurate but also much faster drilling than is 
possible by hand. 

The R.V.240-MAXBIT combination used with the ‘‘Maxleg”, ensures 
increased efficiency all round. 


Pd tN 


CLIMAX ROCK DRILL & ENGINEERING WORKS LTD. 
Works: Carn Brea, Cornwall. 


TAS/CX # 
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4, Broad Street Place, London, E.C.2. 





Transformers 
and H.T.-Switchgear 
for 


Hydro-Electric Power Plants 


60 YEARS’ Experience in Hydro-Electric Plants 


ALLGEMEINE ELEKTRICITATS -GESELLSCHAFT 


Berlin-Grunewald Export Department Frankfurt a} M. 





WATER POWER May 195] 





H. lydro-electric schemes 

















The illustration below shows 


tent OCB. This OCB. is General view of the 33kV Switching 


rated up to 1,500 M.V.A., 46kV : m _ 
(A.S.A.) and i500 M.V_A. 44kV Station Beauly, Inverness-shire, Scot- 
- land, erected and equipped to order of 
the North of Scotland Hydro-Electric 
Board through their consultants Messrs. 


Kennedy and Donkin, London. 


The installation consists of an 8-circuit 
500 MVA 33kV outdoor Switching 


Station comprising remote/local, elec- 
Type OIE Isolator. 


trically operated oil circuit-breakers 800 amps. 34.5kV. 
and manually operated busbar, feeder 


and bus section isolating switches. 


We invite your enquiries for full particulars 
and literature 


COOKE » FEROUSON, 


VICTORIA STREET UPENSHAW arr ee 
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THE CLIFFE DAM AND POWER STATION OF THE ERNE HYDRO-ELECTRIC DEVELOPMENT FOR THE ELECTRICITY SUPPLY BOARD OF EIRE 


CEM TATION 


COMPANY .IMI 


The Erne Hydro-Electric Scheme, of which the Cliffe Station shown above is the first to go into operation, 
will increase the total electric power supply in Eire by about one-third. This contract for all the civil 
engineering works of the scheme, including the Cathleen Falls Station, is the second to be placed with the 
Company by the Electricity Supply Board; the Liffey Power Scheme being constructed during the years 
1937-43. 


The Company has unique experience in tunnelling and shaft sinking under the most difficult conditions. 
Recent contracts include the 23 ft. equivalent internal diameter Clunie Tunnel of the Tummel Hydro-Electric 
Power Scheme in Scotland, the largest water tunnel in Great Britain; an eleven-mile section, wholly in 
tunnel, of the Haweswater aqueduct to supply water from the Lake District to the City of Manchester; and 
several shafts over 3,000 feet deep both for the National Coal Board and for clients abroad. 


With the aid of the specialist activities for which it is world-famous, the Company is equipped to deal with 
any construction problem to be encountered in hydro-electric construction. 


BENTLEY WORKS—=DONCASTER 


PHONE: DONCASTER 54177-8-9 LONDON OFFICE:39 VICTORIA STREET, S.W.!1. — PHONE: ABBEY 5726-7-8 
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One of the two Harland-Morgan Smith 17,500 B.H.P. Francis turbines in course of erection ati 
North of Scotland Hydro-Electric Board’s Grudie Bridge Power Station which since commissioni 


has contributed an additional 26,000 kW capacity continuously to the nation’s power requiremes 





THE HARLAND ENGINEERING COMPANY LIMITE 


WORKS: ALLOA, SCOTLAND 


Overseas Agents in: AUSTRALIA, INDIA, MALAYA, NEW ZEALAND, PAKISTAN, ISR .\EL, 
RHODESIA, SOUTH AFRICA, TRINIDAD. 
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1, ALUMINIUM 
$B CONDUCTOR 


BICC Steel-Cored Aluminium Conductor is being supplied for the 


British Electricity Authority’s new 275 kV Super-Grid. The 224 mile 


long Staythorpe-Barnby Moor section, comprising 
99 towers supporting 1,000 ft. spans, is now under 


construction by BIC Construction Co. Ltd. 


Because of its great tensile strength, lightness and 
relative high corona limit BICC Steel-Cored Aluminium 
Conductor has proved suitable for very high voltage 


lines on transmission systems all over the World. 





For inter- 

connection between 
overhead lines and 
sub-stations BICC 

also supply 
Impregnated Pressure 
Cable for voltages up to 


275 kV—as illustrated. 








BRITISH INSULATED CALLENDER’S CABLES LIMITED 


NORFOLK HOUSE, NORFOLK STREET, LONDON, W.C.2 


Branches and Agents throughout the World. 
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Selling to Canada 


ITH ever increasing emphasis still placed on possibly to the over-riding demands of defence 
W our export trade, the vast field for business _ priorities. 
open to British manufacturers in Canada is of But here it is reasonable to ask just what are 

prime importance, particularly to British engineering priorities, and in what order do they come? Defence 
concerns. It is now more than two years since a_ is popularly held to be a first priority for any nation, 
British mission of investigation reported favourably and with the priority all the greater according to the 
on the outlook for such business, and notwithstanding country’s degree of vulnerability to attack. Yet 
the deterioration in the international situation in the defence in itself—at all events as envisaged in the field 
meantime, Canada’s pressing requirements still re- of armaments—is in a great measure dependent upon 
main, and with them the opportunity for British trade _ those very supplies of capital goods necessary for their 
and industry to help to meet them. In fact, a main manufacture. The point was underlined recently by 
object of the decision to devalue the British pound the former President of the Board of Trade (Mr. 
was to bring more trade to the sterling area in order Harold Wilson) when he was asked whether, in the 
to pay for our own essential needs in imports. light of international events of the last few months, 

Both before and since that time a great deal has firms ought to accept export orders. The Minister at 
been done by British industry in general, and _ once replied that all such orders for the dollar areas 
especially the engineering sections, to improve that and the British Commonwealth should be accepted. 
trade. Given freedom from international strife there Unfortunately his subsequent comment on defence 
are to-day definite signs of an expanding field for the needs did anything but clarify the position for 
right type of British products in Canada. One of Britain’s prospective customers. Admitting the in- 
the chief findings of the mission in 1949 was that  evitability of clashes with Government departments 
“Canada’s enormous demand for hydro-electric and over the sudden placing of a defence order, he added, 
electrical engineering equipment would overtax the somewhat cryptically: “We do not say that defence 
capacity of the electrical manufacturing industry of must have an overriding priority. We say that Govern- 
Canada.” The finding was supported by plenty of ment departments and firms must get together and 
evidence, for at that time the delay in deliveries of decide where the priority lies.” 
goods from the Canadian manufacturers themselves Britain, defence apart, must live by her export 
led to many enquiries about the prospect of making trade. That is axiomatic, and it must therefore follow 
good the deficiency from British sources. That was without question that export orders must be fulfilled 
rather more than two years ago, and official figures if industrial Britain is to survive. In the case of 
have since revealed the nature and extent of the effort Canada, ever well disposed towards us commercially, 
made on this side of the Atlantic to meet those needs. two things must be borne in mind before all others 

To-day, however, a marked change has come over by British manufacturers — the fulfilment of orders 
the general situation, and one for the worse so far placed and the provision of subsequent service. 
as trading conditions are concerned. The strains in Outstanding among the potential markets for 
international relationships naturally give rise to con- British products is that of machinery for power 
siderable apprehension on the part of those whose generating. Canada, it is well to remember, has 
responsibility lies in the purchase of capital equip- planned to increase her capacity in this field by well 
ment. To be perfectly candid they fear a third world over 50 per cent. during the next few years. Quebec 
war and, in consequence, have to reckon with the and Ontario, to mention but two of the provinces, 
non-fulfilment of orders they may have placed owing have each tremendous programmes of development, 
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all ranking high in the priority list. Neither can it be 
too often or too strongly emphasised that any demand 
for power must always bring in its train the call for 
a wide variety of other plant and goods. As this 
journal has frequently pointed out during the last 
two years, the western provinces of the Dominion, 
especially British Columbia, are preparing for big 
advances in hydro-electric power which, to the in- 
dustrialist of vision and enterprise, must spell good 
business with a vast country whose production, in 
these respects at least, is not nearly sufficient to meet 
her urgent and growing needs. 

The main problem for the British supplier is the 
most effective method of getting into the market and 

-still more important in view of the strong competi- 
tion coming from the neighbouring United States— 
of keeping in it. On this all-important subject one 
cannot do better than requote some of the excellent 
advice to manufacturers contained in a report by 
Mr. D. Maxwell Buist, M.I.E.E., M.1.Ex., a member 
of the mission which went over to Canada in 1949, 
for it still holds good. “Joint or group representa- 
tion,” his report lays down, “is the method most 
likely to appeal to the majority of electrical manu- 
facturers . . . It reduces expenses in an expensive 
territory, ensures wider contacts with purchasers, and 
is more able to afford sub-representation in the prin- 
cipal centres across the whole dominion.” To this 
end he urges co-operation throughout this particular 
field between groups of manufacturers producing 
complementary electrical goods with the aim of 
establishing in Canada itself an organisation which 
will efficiently represent their joint interests. That is 
a first priority job which should be tackled thoroughly 
and speedily. 


Rapide Sans Nom 


HE constantly increasing demands for electric 
power in Quebec may overtake by 1953 even the 
additional 325,000 horse-power being provided by 
the Trenche development and thereby may necessitate 
the construction of still another generating station, 
shareholders of the Shawinigan Water and Power 
Company were told at their recent annual meeting 
by John A. Fuller, the president. If the company were 
to proceed with such a development, he said, it would 
be at Rapide Sans Nom, on the St. Maurice River, 
ten miles above La Tuque, where a capacity of 
252,000 horse-power could be installed. 

Mr. Fuller referred to the difficulties of financing 
new developments under present conditions. Con- 
struction costs to-day were such that the cost per 
horse-power of developed capacity at Sans Nom, 
together with facilities to distribute the power, would 
be much greater than that of the existing plants. The 
ordinary costs of operating sich a development were 
not high. Very substantial costs, however, were in- 
volved in financing charges and depreciation in view 
of the heavy capital investment. Another item which 
bore heavily on operating costs was taxation. In the 
case of Rapide Sans Nom, it was estimated that taxes 
and fees of various kinds would approximate 35 per 
cent. of all costs and charges. “ This would be too 
great a burden, with the result that there would be 
little inducement to expend the large sum of money 
required for construction.” Higher rates would pro- 
vide only a partial answer to the problem, Mr. Fuller 
said, because of the long interval required to obtain 
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them and because increased rates themselves lead .o 
higher taxes and other costs. 

All utilities were faced with a serious problem 
to-day, Mr. Fuller said. “ Our country is girding itself 
for a major defence effort, and fundamental to such 
effort is an adequate supply of power. Utilities are 
ready to expand their facilities but to obtain the 
money required, earnings must be adequate to attract 
new capital.” The annual report showed that on its 
power operations during 1950 the Shawinigan com- 
pany paid taxes and fees, including water rentals, 
royalties and other levies, aggregating $5-2 million, 
equal to $2:39 per common share. 


Snowy Mountains Contract 


THe first contract to be awarded in connection 
with Australia’s biggest hydro-electric scheme has 
been secured by The English Electric Company Lid., 
who are supplying both the water turbines and 
alternators. The plant will be made under “ English 
Electric” supervision at the Scotstoun (Glasgow) 
works of Messrs. Harland and Wolff Ltd. Delivery 
of the first set is scheduled for early 1953 and it is 
understood that the value is rather over a quarter of 
a million pounds. 

The order from the Snowy Mountains Hydro- 
Electric Authority is for two 30,000 kW sets. They 
will be installed at Guthega, the “pilot station” at an 
altitude of over 4,000 ft. on the Snowy River itself, 
a few miles from its source on Mount Kosciusko. 

Guthega is the first of sixteen power plants of the 
Snowy Mountains Scheme, whose total output will 
approximately equal that of all the power stations 
feeding greater London. The turbines, each of 45,500 
h.p. and alternators will be similar to those supplied 
to the Loch Sloy station described in our September 
issue last year. The Snowy Mountains scheme is 
one of the largest projects ever undertaken by the 
Australian people and will ultimately provide a total 
output of 2,750,000 kW, exceeding the combined out- 
put of all other power plants in the country. Apart 
from power generation the associated irrigation works 
will be of great benefit to the community. 


164,000 h.p. Plant for Australia 


THE State Electricity Commission of Victoria, 
Australia, has just placed an order with Boving & 
Co. Ltd., London, for Eildon Power Station, worth 
£A 1,250,000, and covering two vertical Francis water- 
turbines each rated 82,000 h.p., to drive alternators 
being supplied by The British Thomson-Houston Co. 
Ltd., Rugby. Each alternator will be rated 66,667 
kVA, 11,000 volts, 3-phase, 50 cycles, 150 r.p.m. The 
turbines are believed to have the greatest output 
and the alternators to be physically the largest ever 
ordered in Britain. The overall diameter of the 
alternators will be about 40 ft., and each will weigh 
approximately 500 tons. The order also includes a 
250-ton gantry crane. 

Eildon Power Station is associated with a large 
combined irrigation and hydro-electric scheme on the 
Goulburn River. During the construction of the new 
dam the small power station at the existing Fildon 
Weir will be completely buried, the generating plant 
first being removed, and installed in the new Fildon 
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tation, where it will be used at times when 


Powe ie : 
ited quantities of water are available. 


only 
Technical Aid Agreement 


Noy that agreement between India and the United 
States has been concluded on technical assistance to 
be mace available to India under President Truman’s 
programme, more may be heard of the country’s 
short-term development plans to cover the next six 
years. [he single bilateral agreement which is now 
in operation between the two countries is the outcome 
of negotiations that had been in progress for some 
months, and no doubt this main agreement will be 
supplemented by others of a more individual nature 
on such matters as exports and the training facilities 
required for specific projects. The main agreement 
provides for co-operation of the two governments in 
the interchange of technical knowledge, integration 
of technical co-operation programmes, and effective 
use of the results of technical projects. But it is em- 
phasised that there will be no commitments of a 
political nature. Schedules of India’s requirements 
sent to the United States include technical aid for 
increasing agricultural production and the planning 
of multi-purpose projects. 


Foreign Study Aids 


[x an age that calls for world thinking as well as 
world planning the international handbook “ Study 
Abroad” published by Unesco. (The Stationery 
Office 5s.) is of real use to those requiring foreign 
study and training. The handbook lists fellowships, 
scholarships, travel grants and opportunities for “ on- 
the-job”” and apprenticeship training offered by 55 
countries. including the United Kingdom, and the 
United Nations and its agencies. In each case details 
are given of the field of study of the award, where it 
is tenable, the value, and the place for application 
to be made. The greater number of awards now shown 
is due to the new United Nations programme of 
technical assistance, the full operation of the United 
States Fulbright programme, and other developments 
during the past few years or so. Unesco, while re- 
cording that more people than ever are making use 
of “Study Abroad” complains that too many copies 
are filed away instead of being, as they should be, 
where students and others can use them. To this end 
it is suggested that national commissions should 
ensure that modern language instructors, deans of 
faculties, foreign student advisers and others should 
have easy access to copies. Three supplements to 
“Study Abroad ” are to be published this year. 


A Ten Year Scheme 


Cry LON’S development programme, itself part of 
the far larger Colombo plan already outlined in 
Water Power, includes one great scheme which is 
being carried out under the direction of United States 
engineering firms. This is the damming of the Gal 
Oya, in the eastern province, from which it is expected 
to irrigate 100,000 acres at present under jungle, and 
improve the irrigation of 30,000 acres already under 
cultivation, so that two crops a year may be harvested 
instead of one. A somewhat similar project at Huru- 
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luwewa aims at providing water for 10,000 acres of 
paddy land and 6,000 acres for garden crops. The 
Gal Oya scheme represents more than ten years’ work 
for completion. Another scheme, which is not likely 
to be put in hand before next year is the damming 
of the Walawe Ganga to irrigate 4,000 acres and also 
to produce 10,000 kW of electric power. For the suc- 
cessful completion of this and other undertakings in 
the island’s £102 million programme two things are 
essential—adequate external finance and the availa- 
bility of technical experts. 


Punjab Scheme 


THE Punjab Government has prepared a plan for 
producing 90,000 kilowatts of electric power from a 
hydro project to be constructed near Mianwali. The 
scheme, which could be completed within three years, 
at a cost of Rs 12 crores envisages the cutting of a 
24-mile long canal to carry 34,000 cusecs of water 
from the river Indus near Kalabagh to a point about 
one and a half miles upstream from Mianwali. It 
would have a fall of about 300 feet and five generators 
of 18,900 kilowatts generating capacity could be 
installed there. 

The scheme when completed would also provide 
sufficient hydro-electric power to lift water to irrigate 
the 1,500,000 acres of land between Mianwali and 
Kalabagh. The Government plans to establish a 
cement factory, a textile mill, a woollen mill, a sugar 
mill and fertiliser plant in the area. 


Diesel Plant in Scotland 


THE North of Scotland Hydro-Electric Board’s new 
diesel engine generating station at Kirkwall, Orkney, 
the largest diesel generating station for public supply 
in Britain, will be opened on May 15. The Board 
encourages the old Scottish craft of building in stone 
wherever it can, and the power station is a large and 
impressive building of native Orkney stone, the finish 
being similar to the traditional finish of most of the 
houses in Orkney which is technically described as 
“random rubble,” a name which quite fails to convey 
its merit and attractiveness. Yellow sandstone from 
Greenbrae Quarry near Burghead has been used for 
the surrounds of the main doorway and for the 
Board’s crest which has been carved in low relief 
above it. New houses are still being built of stone 
in Orkney; the mason’s craft is not dying and other 
local authorities in the North of Scotland are also 
anxious to encourage stone building. 

The station has been built on land reclaimed from 
the Peerie Sea, a land-locked bay at Kirkwall. The 
new station is designed to have an ultimate capacity 
of 7,000 kilowatts and it will supply all the power 
requirements of the mainland of Orkney where the 
Hydro-Electric Board already have 3,300 consumers 
connected to the mains. Initially, the machinery in- 
stalled will have a capacity of 3,520 kilowatts, 
consisting of three 1,540 h.p. diesel engines made by 
British Polar Engines in Govan, Glasgow, each 
driving a 1,000 kilowatt alternator made by Bruce 
Peebles & Co. Ltd., of Edinburgh, and an 800 h.p. 
Crossley diesel engine coupled on a 520 kilowatt 
Bruce Peebles alternator, the latter installed for use 
at night when the electricity requirements are low. 
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Pitlochry—I 


The Tummel-Garry project of the North of Scotland 
Hydro-Electric Board has reached a further stage by 
the commissioning of Pitlochry power station. 


AST year, in our January-February and May- 
June issues, we published two articles* describing 
the progress to date of the Tummel-Garry pro- 
ject of the North of Scotland Hydro-Electric Board 
and dealing particularly with the Clunie station, 
which was then approaching completion. By the 
courtesy of the Board we are now able to carry our 
review a stage further by giving an account of the 
Pitlochry station, which has now come into service. 
To remind our readers of the salient points of the 
scheme, the Tummel-Garry project continues a de- 
velopment initiated by the late Grampian Power 
Company by which two stations were built to harness 
the waters of Loch Ericht and Loch Rannoch. These 
lochs contribute to the head waters of the river Tum- 
mel, and the project now in course of development 
*Water Power, January-February 1950, p. 20, “The Scottish 
Scheme; May-June 1950, p. 102, “Clunie Power Station.” 


will utilise the lower reaches of the Tummel and 
also the waters of the river Garry, which flows into 
the Tummel at Clunie. 

The first stage, which was described in our pre- 
vious articles, was to raise by about 17 ft. the level 
of Loch Tummel, situated downstream from Loch 
Rannoch, and pass the water through a 23 ft. 
diameter tunnel nearly two miles long to a station at 
Clunie situated below the junction of the Tummel 
and the Garry. In the second stage, with which this 
article is primarily concerned, the Tummel has been 
dammed at Pitlochry, about two miles below the 
Clunie station, thereby creating a new loch which 
serves a power station incorporated in the dam. In 
the third and final stage, on which work is now in 
progress, a new high-level reservoir is being con- 
structed in the upper reaches of the river Errochty, 
a tributary of the Garry, and a tunnel six miles long 


TABLE I 


Errochty 

1,310 ft. long 
127 ft. high 

86 sq. miles 

55 in. 

610 ft. 

3-25,000 kW 

Vertical Francis 

103 million kWh 


Dam 


Catchment area 
Annual rainfall 
Gross head 

Plant to be installed 
Type of Turbine 
Annual Output 
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Clunie Pitlochry 


475 ft. long 

54 ft. high 
706 sq. miles 
55 in. 

50 it. 

2-7,.500 kW 
Kaplan 
54 million kWh 


386 ft. long 

65 ft. high 

515 sq. miles 

60 in. 

173 ft. 

3-20,400 kW 
Vertical Francis 
143 million kWh 
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will convey the water to Errochty power station on 
the shores of Loch Tummel. Further tunnels are also 
to be built to divert the upper waters of the Garry 
and its tributaries as far down as the Bruar to the 
new reservoir. 

The scheme will have an ultimate installed capacity 
of 150,000 kW and will generate some 300 million 
kWh per annum. Leading particulars of the three 
stations concerned are given in Table I. 


Function of Pitlochry Station 

The Pitlochry plant is designed to operate on base 
load and is intended to act as a balancing station to 
reduce fluctuations in the downstream river flow. 
These fluctuations would otherwise be severe, for two 
reasons: In the first place, Clunie is designed as a 
comparatively low load-factor station. This means 
that it might be operating at full output for about 
eight hours per day, when it would be discharging 
a flow of about 5,000 cusecs; secondly, when the 
rivers are in flood the flow at Pitlochry may exceed 
40,000 cusecs as compared with an average flow of 


less than 2,000 cusecs. Much of this flooding is due 
to the river Tilt, one of the lower tributaries of the 
Garry, which has a quick run-off. Impounding the 
river at Pitlochry has provided a storage of 70 mil- 
lion cu. ft., which not only absorbs the irregular flow 
from Clunie, but also conserves a proportion of the 
flood water. 

The discharge from Pitlochry station when work- 
ing at full load is 4,700 cusecs to which is added 83 
cusecs of fish-ladder and compensation water when 
required. The dam spillway permits a maximum flood 
discharge well in excess of 40,000 cusecs, excluding 
additional discharge by ground sluice. 


The New Loch 

Before the new loch could be formed certain road 
diversions had to be undertaken. The road from 
Pitlochry to Clunie formerly led upstream along the 
river bank for about a mile, when it crossed the river 
by a stone bridge known as Clunie bridge. As this 
portion of the road was to be submerged, a new road 
bridge was built about half a mile downstream from 
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Fig. 2. General plan and elevation of Pitlochry power station and dam, together with a typical section 


through the dam 
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the dam at Aldour, and abo. 
two miles of new roadway \ 
constructed from this bridge 
a junction with the old ro: 
at a point above and bey 
the old Clunie bridge. The ne 
Aldour bridge is a three-sp: 
double-cantilever structure 
reinforced concrete, and 
built by George Wimpey & ‘ 
Ltd. (See Fig. 3). 

The old Clunie bridge was 
blown up, and to enable 
pedestrians to cross at this 
point the footbridge seen in 
Fig. 4 was erected by P. & W. 
Fig. 3. The reinforced-concrete road bridge at Aldour Thi brides page deers se 

teresting in that, except for its 
piers, the entire structure has 
been fabricated in aluminium 
alloy. The aluminium was sup- 
plied by James Booth & Co. 
Ltd., Birmingham, and the 
concrete piers were constructed 
by William Tawse Limited, 
Aberdeen. 

An important amenity at 
Pitlochry is the recreation 
ground, for here the traditional 
Highland games are played in 
addition to the normal field 
sports. The original recreation 
ground was within the area to 
be flooded, but fortunately a 
field of roughly the same size 
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Fig. 5. Generdl plan showing the cut-off wall and fish ladder 
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Fig. 6. The dam showing one of the drum gates under construction and the temporary openings 


and shape was available at the riverside below the 
dam, and this field was acquired to form the new 
recreation ground. The old pavilion was dismantled 
and re-erected in the new ground, advantage being 
taken of the move to build a second storey. 

The new loch, which was formed when the dam 
was sealed, extends a distance of about three miles 
from the junction of the Garry and the Tummel to 
Pitlochry and its surface is about 300 ft. above sea 
level. It has been named Loch Faskally after the 
Faskally estate which forms most of the northern 
shore and in the mansion house of which is accom- 
modated the North of Scotland Hydro-Electric 
Board’s staff training college. 


Cut-off Walls 

In preparing the site for the Pitlochry dam great 
care had to be taken to prevent leakage round the 
ends of the dam, as the river banks consisted of allu- 
vial deposit, and it was necessary to build a cut-off 
wall at each end of the dam. The conditions were 
complicated by the existence of an old river bed 
within the left bank, and this bed was found to be 
about 50 ft. below that of the present one. In con- 
sequence, the left-hand cut-off wall, at the lowest 
point of the old bed, reached a depth of 130 ft., and 
its construction proved an interesting but not an 
easy task. 

Excavation was carried out with the aid of two 
frames of sheet-steel piling, toed down as the work 
proceeded, the lower frame being stepped inwards. 
The river was found to be feeding through the old 
bed, and when excavation had proceeded to a point 
at which the water overcame the pumps, the ground 
was stabilised by grouting with cement, the grouting 
being carried out by The Cementation Co. Ltd. It 
WATER POWER 
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was then possible to carry the excavation down to 
the rock surface, and a toe, 5—7 ft. deep, was cut 
in the rock. Before concreting of the deep section 
was commenced, wooden fiumes were built along the 
edges of the toe to divert any seepage to a pump 
suction while the concrete was being placed. When 
the concrete rose beyond the level of the flumes, ver- 
tical grouting pipes were set, and when the wall had 
risen above the water table the flumes were grouted 
solid. To secure the excavation as speedily as pos- 
sible, the concrete was carried upwards in short bays 
of 25 ft. or so, the intervening spaces being filled 
later. 

The completed wall is 900 ft. long by 5 ft. thick, 
and is surmounted by the access road leading from 
Pitlochry to the dam. 

The right-hand cut-off wall, which is 250 ft. long, 
presented no special difficulties, and three successive 
headings were driven into the ground to carry the 
wall to the rock and to the desired height. 


The Dam : 

Except for the fact that the power house is incor- 
porated in the structure, the Pitlochry dam is almost 
identical in design with that at Clunie. It is some- 
what lower and wider than the Clunie dam, being 
54 ft. high and 475 ft. long. It is a mass concrete 
structure comprising the power house towards the 
right bank and two spillway sections separated by a 
central tower controlling a ground sluice. Towers at 
the ends of the spillways house the control equip- 
ment for the drum gates. A footbridge spans the 
spillways, and an access passage has been formed 
within the dam. 

A total of about 62,000 cu. yards of concrete was 
required for the works, of which the dam accounted 
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Fig. 7. Section and end elevation of the control tower 


for some 43,000 cu. yards. A concrete-mixing station 
having a central mixer with an output of 800 cu. 
yards per week was established on the right bank. 
Several subsidiary mixers were also used, and the 
concrete was discharged into bottom-opening skips 
which were transported by crane. A second mixing 
station was later erected on the left bank to accelerate 
construction. 

The constructional methods adopted were similar 
to those employed for the Clunie dam, and as we 
described them in detail in our January-February 
1950 article we cannot do better than refer our 
readers to that account. Nevertheless, there are two 
matters that warrant special mention. 

In the first place, account had to be taken of the 
flooding to which this portion of the river is subject. 
A cofferdam to keep out the maximum recorded flood 
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would have been unduly expensive, and it became a 
matter of economics to balance the saving in cost 
on the cofferdam against the potential loss of time 
and material due to flooding. Finally it was decided 
to build a cofferdam capable of withstanding all but 
peak floods. The only sizable mishap occurred in 
the very early stages, when a flood undermined the 
foundations of a crane—fortunately without casualty. 
Subsequently the workings were flooded on four 
occasions and were speedily pumped out again. 

The cofferdam consisted of a double line of piles 
filled with rubble and having a top layer of 2 ft. of 
concreted rubble. One section of piles on the up- 
stream side was cut down to act as a spillway and 
bagged so that a flood coming into the workings 
could be controlled. On the downstream side a 
rubble spillway was built containing a sluice, which 
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was opened when flooding was seen to be inevitable. 
By this means the workings were drowned quietly, 
and damage by the scour of the floodwater subse- 
quently coming over the cofferdam was minimised. 

The contractors were satisfied that this policy of 
admitting peak floods had justified itself. 

The second operation of interest was the closing 
of the temporary openings in the right-hand side of 
the dam. There were four such openings, 17 ft. wide 
by 12 ft. high, and to facilitate the closing operation 
access holes had been left in the floor of the access 
passage extending through the dam. 

As a preliminary operation temporary steel gates 
were made to fit over the upstream mouths of the 
openings and to run on slide rails secured to the dam 
face. Each gate, when completed, was held clear of 
the opening by a mild-steel suspension rod and 
shackle. 

A time was chosen when the river flow was low 
and the weather settled to proceed with the sealing 
operation. The suspension rods of the four gates were 
simultaneously cut by gas torch and the gates allowed 
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to drop into position. This effected the closure of the 
dam, apart from the ground sluice, which was left 
open, and all subsequent operations were conducted 
through the access passage, in which the concrete 
was mixed and the grouting machines were installed. 
A brick wall was built close behind each gate, and 
the space between this wall and the gate filled with 
rubble and grouted, providing a sufficiently secure 
stopping to enable concreting of the main space to 
proceed. A recess with porous concrete inserts was 
provided in the roof, walls and floor just in front 
of the wall, and a concrete plug, extending some 
distance from the wall was laid in two lifts, grouting 
pipes being set to the recesses which were then 
grouted up solid. 

While this work was in progress, the downstream 
mouth of each opening was shuttered, and plugged 
with two lifts of concrete to prevent downstream 
water from running back into the workings. 

Work on these plugging operations proceeded day 
and night without interruption until the dam was 
secure—a result that was achieved in three days. It 
was then possible to fill the remainder 
of the spaces up to access-passage floor 
level by normal methods, grouting 
holes being drilled diagonally from the 
access passage to the roof of each open- 





ing. Additional grouting was carried 








out later to take up any shrinkage of 








the infilled concrete. 

















Ground Sluice and Drum Gates 























A section through the control tower 
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and ground sluice is given in Fig. 7, 
together with the upstream elevation. 
The sluice gates were supplied by 
Glenfield & Kennedy Limited, and 
comprise a free-roller control gate and 
a free-rolling emergency gate, both 





Fig. 8. Section through one 
of the side towers showing 
the control gear for one of 
the drum gates 
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Fig. 10. Jet wave formed by bucket at foot of dam 


10 ft. wide by 13 ft. 6in. deep. Both gates are 
operated by electric motor and gear fitted with emer- 
gency hand cranks, and the-control gate is counter- 
balanced and fitted with a position indicator. 

The two spillway sections of the dam have been 
equipped with automatic drum gates. These gates, 
which were developed and built by Glenfield & Ken- 
nedy Limited, are identical in section to those in the 
Clunie dam but are longer, each being 90 ft. long 
with a 16 ft. rise, and are claimed to be the largest 
to have been installed outside the United States. 

A section through one of the control towers, show- 
ing the operating mechanism, is given in Fig. 8, in 
which the dam profile and the drum gate are shown 
chain dotted. The gate is built of . structural steel 
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welded to form a hollow watcr- 
tight prism. It floats in a 
chamber formed in the crest of 
the dam and is hinged to tue 
upstream crest and fitted wth 
flexible seals at the upstream 
and downstream crests and at 
the ends. It is raised and 
lowered by controlling he 
water pressure in the chamber, 
this action being regulated by 
a float responding to the water 
level in the loch. When the 
loch is at normal retention 
level the chamber has the 
maximum water pressure and 
carries the drum gate in its 
highest position, but should 
additional water arrive in the 
loch the float will rise and, by 
partially reducing the pressure 
in the chamber, will lower the 
drum gate sufficiently to dis- 
charge the additional water. 
The control mechanism is so 
arranged that the position of 
the drum gate is always directly 
related to that of the float, and 
its action will now be described. 

Reverting to Fig. 7, an 
intake will be seen for the 
water entering the drum-gate 
chambers, together with a 2 ft. 
by 4 ft. hand-operated sluice 
gate controlling the flow to 
each chamber. This sluice is set 
experimentally and normally 
left untouched. Turning again 
to Fig. 8, at the bottom of the 
chamber will be seen a 24 in. 
control valve. When the valve 
is closed, there is no flow 
through the chamber, so that 
the pressure is a maximum 
and the drum gate rides at its 
highest position; if the control 
valve is progressively opened 
the flow through the chamber 
system causes a drop in 
pressure and the gate lowers. 
Further opening of the control 
valve causes increased flow and 
a further reduction in pressure 
and thereby allows the drum gate to lower still more. 
If the control valve is now progressively closed the 
flow through the chamber is reduced and the water 
pressure increased, thereby causing the drum to rise. 

This control valve is also actuated by a compen- 
sating gear which causes it to respond to the move- 
ments of the drum gate in addition to the float. The 
float is connected by a roller chain to the pilot valve 
of a servo cylinder, the piston of which rises to 4 
position corresponding to that of the float. The move- 
ment of this piston opens the control valve through a 
floating link, the other end of which is connected by 
a tappet rod to an arm on the spindle of the drum 
gate. As the gate falls in response to the valve 
opening, the tappet rod moves the floating link in 4 
1951 
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direction tending to reclose the 
valve, and motion continues 
until a new balancing position 
is reached corresponding to the 
new position of the float. If the 
float falls, the control functions 
similarly but in the opposite 
sense, causing the drum gate 
to rise. 

Full facilities are provided for 
manual or emergency opera- 
tion. A small bypass valve on 
the servo cylinder enables the 
main valve to be operated by 
hand without altering the float 
setting. Further, an auxiliary 
18 in. electrically operated 
valve enables the chamber to 
be emptied independently of 
the main control valve. This 
auxiliary valve can be operated 
either by pushbutton from the 
tower or locally by hand, and 
is also opened by a “No-Flote” 
electrode control which comes 
into action if the loch level 
rises to a height at which the 
drum gate should be down. An 
automatic safeguard is thus 
provided against failure of the 
main control valve. 

As will be noted from Fig. 
2 the foot of the dam has 
been provided with a bucket to 
throw flood water clear of the 
toe and avoid erosion too close 
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12. General view of fish ladder 





Fig. 13. Foot of fish ladder under construction 


to the dam. Beyond a certain small discharge the 
water breaks clear into a powerful jet as can be 
seen in Fig. 10, and the energy is effectively dissipated 
in the river well downstream of the dam. 

In our description of the Clunie dam we gave de- 
tails of the fish pass constructed to preserve the 
fishery amenities of the upper Tummel. Pitlochry 
has to cater not only for the fish using the upper 
Tummel but also for those entering or leaving the 
Garry. A fish pass has therefore been constructed 
at Pitlochry similar to that at Clunie but of larger 
dimensions. It is 1020 ft. long and has 33 chambers 
each 25 ft. long, 14 ft. wide and 8 ft. deep. Resting 
pools are provided at intervals, and adjacent to one 
of these pools a glass-sided observation chamber has 
been built from which the movements of the fish can 
be studied and the number passing through counted. 
On the upstream side of the dam three outlets are 


Fig. 14. A view inside the fish-ladder observation 
chamber 
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provided, each having a motor- 
driven sluice gate automatically 
operated by an Evershed and 
Vignoles “No-Flote” contro! so 
arranged that the outlet most 
appropriate to the water level 
in the loch 1s opened. A second 
observation chamber has been 
built at this point to watch the 
behaviour of the fish in the 
reservoir at the ladder outlets. 

On the downstream side a 
training wall separates the 
turbine tailrace from the dam 
spillway, and a _ removable 
salmon screen extends across 
the tailrace at an angle intended 
to direct the ascending salmon 
to the entrance of the fish pass. 
The flow down the fish pass is 
supplemented by a further dis- 
charge to reach the minimum 
flow prescribed to attract fish 
to the fish ladder. To meet this 
condition with as little loss as 
possible, this extra compensa- 
tion water, amounting to 18-5 
cusecs, is passed through a 
small turbine. The discharge from this turbine is 
passed through a grille in the floor of the fish 
ladder near the entrance which is covered with 
stones, thus setting up an additional flow to attract 
the fish. 

Seeing that Pitlochry station was only brought into 
commission last autumn, experience with the fish 
pass has been merely of a preliminary nature, but in 
the few weeks of the season during which the pass 
was open several hundred fish were seen from the 
observation chamber to ascend. The smolts or small 
young salmon when descending are allowed to 
travel either through the pass or through the 
turbines as they choose. With the low head and 
type of turbines at Pitlochry, the fish do not seem 
to suffer any permanent damage from passing 
through them. 

(To be continued) 


Fig. 15. The new Loch Faskaily formed by the closure 
of Pitlochry dam 
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A Study Tour in the Alps 


In this article Dr. Charles Jaeger describes briefly some of 

the features which attracted his attention during a recent 

inspection of underground hydro-electric stations in the 
French and Italian Alps. 


HE engineering of large arch dams and of under- 

ground power stations is at a stage of rapid 

development which makes it tempting for the 
interested engineer to seek firsthand information con- 
cerning the techniques of design and construction by 
inspecting the actual works on site. 

The tours organised in connection with the Third 
Congress on Large Dams in Sweden in 1948 afforded 
excellent opportunity for collecting very valuable 
data on hydro-electric developments, including par- 
ticularly rock-fill dams and underground power 
Stations, details of which have been published re- 
cently * '*. *!» 12. Comprehensive studies on arch 
dams, covering a wide range of data, are also 
available.* 

Thus, the object of a recent tour by the author, 
was to extend the foregoing and to provide material 
for a comparison of the practices followed in the 
several areas concerned. The visits included the large 
arch dam now under construction at Tignes, near 


WATER POWER May 195] 


Bourg Saint Maurice, in the French Alps, and some 
of the most interesting of the Societa Edison sites 
in the Italian Alps. Unfortunately, time did not per- 
mit of a visit to the most recent Societa Adriatica 
de Elettricita power stations. * *- 


Dams 

Tignes Dam and Les Breviéres and Malgovert 
Power Stations (Electricité de France) (Figs. 1 and 2). 
The Tignes scheme consists primarily of a large arch 
dam at Tignes, creating in the Val d’Isére a reser- 
voir of 235 million cu. m. usable capacity, the maxi- 
mum level in the reservoir being at 1790 m. O.D. 
and the minimum at 1655 m. O.D. A short steel- 
lined pressure tunnel 945 m. long and 3.75 m. in 
diameter leads to the power house of Les Breviéres. 
The gross head will vary between 92.50 m. and 


Fig. 1. Tignes dam from the upstream side in October 
1950 
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232.50 m., the discharge being 50 cu. m. per sec. 
(1780 cusecs.). 

The power station will be equipped with three 
43,800 h.p. reaction turbines and two pumps of 
2.4 cu. m. per sec. capacities each. There is already 
a small weir at Les Brevieres (part of an old schem2 
called “ Usine de Viclaire ”’), creating a compensating 
basin of about 180,000 cu. m. capacity which will 
remain unchanged. 

The main pressure tunnel (D=4.55 m. equivalent 
diameter, 16°38 sq. m. area, Q=45 cu. m. per sec., 
length approximately 17 Km.) leads from this com- 
pensating basin to the surge tank and through two 
pipelines to the power house at Malgovert, which 
is equipped with four double-jet horizontal Pelton 
wheels, each 101,500 h.p., and four generators of 
80,000 kVA, 428 r.p.m., the gross head being 750 m. 
The output of Les Breviéres is expected to be about 
150 million kWh, and that of Malgovert as high as 
530 million kWh per annum. 

The construction of the downstream portion of the 
tunnel presented unexpected difficulties, as it had 
to traverse extremely poor rock. It was consequently 
heavily reinforced with steel rings 5 ft. apart. On the 
last stretch, several attempts to cross the deteriorated 
rock zone were unsuccessful. The rock is fissured and 
the cavities are filled with a powder similar to 
Kaolin. Whenever such a fissure is broken into the 
powder enters the tunnel and fills it at the speed of 
a running man and chases the workers to cover. It 
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Fig. 2. Plan and sectional elevation of Tignes dam: crest 1,792 m., height 180 m., storage capacity 235 cu. m. 








has been decided to grout silicates into the rock 
fissures in order to solidify the powder before pro- 
ceeding with the excavation of the final 50 m. of the 
tunnel. 

The pipelines will in part be prestressed, similar 
to those at Pralognan—some 25 miles downstream 
on a tributary of the Isére. Each pipeline will trans- 
mit about 200,000 h.p., which is an exceptionally 
high figure. 

Work on the Malgovert project started during 
World War II, the main work being the pressure 
tunnel. No dam was foreseen at Tignes at that time. 
When the scheme was nationalised, Electricité de 
France decided to build the dam and to increase 
substantially the discharge and the output. The cross- 
sectional area of the tunnel had to be increased 
accordingly. 

During the summer of 1949, the main effort was 
applied to equipping the site with the necessary con- 
tractors’ plant. It was estimated that 650,000 cu. m. 
concrete must be placed in three years with only 150 
summer working days a year. These figures provide 
the reason for the very heavy plant concentrated at 
the Tignes site, especially on the Plateau des Boisses, 
just about the level of the dam crest. 

The concrete for the dam is made at two levels. 
The lower concrete factory supplies the lower part 
of the dam, see Fig. 1, and the concrete required 
for general purposes. The granulometry of the con- 
crete is of the discontinuous type favoured by M. 
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Caquot for the Dam Des Girottes. There are two 
derrick cranes for placing the concrete in position. 
The aggregate is obtained from a quartzite quarry 
downstream of the dam site. 

The upper concrete factory, Fig. 3, uses a hard 
limestone from a second quarry about 3 km. up- 
stream of the dam. The granulometry of the concrete 
produced by this factory is:— 


0.2 to 3 mm. 17 per cent. 

3 to 15 mm. ... ms « 

1S to 50 mm. ... eee 

50 to 120 mm. ... 7 - « 

Water Ae 120 Kg. 

Cement (230 Kg. (bulk concrete) 


(250 Kg. (dam faces) 

The quarry can produce about 400 tons of rock 
per hour and the concrete factory about 240 cu. m. 
of loose aggregate and 180 cu. m. of concrete per 
hour. The 12,000 cu. m. aggregate reserve on the 
Plateau des Buisses is calculated to last about 50 
hours in case of a breakdown in the aggregate trans- 
port service. 

Cement is transported by means of a ropeway 
21 km. (13 miles) in length and consisting of a 
29 mm. dia. cable fitted with 560 buckets of 350 litres 
capacity. Some 35 tons of cement can be transported 
per hour in this way. It is reckoned that the upper 
factory will produce 1600 cu. m. concrete per day, 
with a possible maximum of 2,000 cu. m. (2,700 
cu. yards), 

The upper factory operates in conjunction with 
two 20-ton and one 10-ton cable crane (Fig. 4) and 
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Fig. 3. General view of the concrete factory on the Plateau des Boisses, Tignes dam 





with a heavy normal gauge railway equipment, all 
of which began to operate in the summer of 1950. 
Grouting of the concrete and closing of the joints 
will be on conventional lines. The concrete is not 
specially cooled after it has been poured. 


Sta. Guistina Dam 

The Sta. Guistina Dam on the river Noce, in the 
province of Trento, is part of the power station of 
the same name belonging to the Societa Edison, 
Milan. The following are the main data for this 
plant (Fig. 7):— 

Catchment area 

Volume of reservoir 

Usable reserve 

Max. head 

Min. head is . Fee 

Max. discharge ... 66 cu. m. per sec. 

The installed capacity consists of three vertical 
Francis turbines each driving a 41,000 kVA genera- 
tor, equivalent to a total of 103,500 kW. The power 
development comprises an arch dam with intake, a 
pressure tunnel 2,052 m. long and 5.20 m. in 
diameter; a surge tank; a steel pipeline inside a lined 
tunnel 151 m. long and 3,500 to 3,700 mm. in 
diameter; and an underground power house. The 
tailrace tunnel (5-80 x 5-00 m.) which is 1,917 m. 
long, is under pressure, with a surge chamber at its 
upstream end. 

The dam, Fig. 6, is 152:50 m. high, with the crest 
at 530 m. O.D. The length of the crest is only 90 m. 
The dam thickness varies between 3:50 m. at the 


1,050 sq. km. 

182.8 x 10° cu. m. 
172 x 10° cu. m. 
184.50 m. 
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Fig. 4. The two 20-ton cable cranes (left and centre) and the 10-ton cable crane (right) in the Plateau 
des Boisses, Tignes dam 


Fig. 5. Santa Guistina dam, upstream view Fig. 6. Santa Guistina dam, downstream view 
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Fig. 7. Sketch map indicating relative positions of 
the Sta. Guistina reservoir, Taio power station and 
connecting tunnels 








crest to 16°50 at the base, the volume being 


120,000 cu. m. 


Above the 460 m. level the dam was regarded as 
being formed of independent elastic built-in arches, 


and below this level the thick arches were calculated 


by the theory of thick cylinders. Model tests were 
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carried out by Professor Oberti, which led to some 
modifications of the original design. It is estimated 
that the maximum stresses do not exceed 50 kg. per 
sq. cm. 

A rich concrete mixture was used. Below the 
425 m. level 250 kg. cement were used for 1 cu. m. 
concrete, the crushing strength of the resulting mor- 
tar at 28 days being 680 kg. per sq. cm. Above the 
425 m. level 300 kg. of cement was used, giving a 
crushing strength of 500 kg. per sq. cm. Ordinary 
concrete samples revealed crushing strengths of 300 
to 450 kg. per sq. cm. after 28 days, and samples 
taken out of the bulk concrete for the dam reached 
400 to 600 kg. per sq. cm. after one year. The con- 
crete is of conventional granulometry with four 
grades of Dolomite aggregate. About 300 cu. m. of 
concrete were poured daily, in layers 0.50 m. in 
thickness, electrical vibrators (4,500 r.p.m.) being 
used for consolidation. 

Cooling of the concrete during setting was not a 
problem and no special steps were taken. Working 
jomts and vertical expansion joints 1.40 m. wide, 
13 m. apart, are on conventional lines, and grouting 
of the joints was carried out on the lines developed 
by American builders for large dams. 
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The contractors’ plant was of the usual type for 
this kind of work and consisted of two cable trans- 
porter cranes and one derrick crane only. At this 
altitude work can proceed all the year round and the 
pouring of about 300 cu. m. of concrete a day 
presented no problem. The construction of this plant 


Fig. 7(a). Cross section of the Sta. 


Guistina scheme on the river Noce 
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can thus in no way be compared with that at Tignes, 
on the Plateau des Boisses. 

Owing to the extremely fissured nature of the rock, 
an exceptionally ample grouted diaphragm was re- 
quired to ensure tightness of the dam abutments. 
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(To be continued) 








Hydro-Electric Progress in the U.S.S.R. 


A number of items of technical news concerning hydro-electric 


developments in the U.S.S.R. have recently come to hand, 
including information that new plants to be erected on the Volga 
will be among the largest in the world. 


HE 1948 “ Five-year plan ” included an important 

section devoted to the restoration of hydro-electric 

stations damaged in the war, the Dnieper dam 
(shown above), which was destroyed by the Germans, 
being one of the major objectives. By the end of 1949, 
three 62 MW units out of nine were fully repaired and 
in Operation. 

In addition to the Dnieper project, thirty major 
stations were planned, and no less than 18,000 small 
hydro-electric plants were envisaged for giving local 
supplies in rural areas. It was anticipated that the 
total generated power in 1940, which amounted to 
48,000 million kWh from all hydro-electric stations 
in the European part of the U.S.S.R., would be in- 
creased to 82,000 million kWh by the end of 1950. 
A total of 2,600 small power plants, of which about 
half were hydro-electric and the remainder thermal, 
were put into commission during the year 1949. In 
rural areas it has been possible to aid and extend 
cultivation by the provision of electricity from these 
small plants, and electric tractors are now in common 
use. 

The three major projects which are at the moment 
in the course of active planning are those at Kuiby- 
shev on the Volga, Stalingrad on the same river, and 
a 650 mile canal to be known as the Grand Turkmen, 
running from the Caspian to the Amu Darya river. 
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The first scheme, at Kuibyshev, is strategically 
situated between Moscow and the Ural Mountains. 
It will have a capacity of 2,000 MW, and the estimated 
annual output is 10,000 million kWh. This will, there- 
fore, be a larger station than the Boulder Dam. and 
if the project is carried out as planned may well be 
the largest in the world. The situation is such that the 
power can be transmitted to some of the most highly 
industrialised areas of the U.S.S.R. The project is 
scheduled for completion by 1955, and Mr. I. V. 
Komzin, formerly Deputy Minister for the construc- 
tion of Military and Naval Works, has been appointed 
head of the organisation which will carry out the work. 
The lake created by the dam at Kuibyshev will be 
300 miles long and 24 miles wide. 

The second major enterprise, almost as great in 
scope as that at Kuibyshev, is to take place at Stalin- 
grad, where the planned capacity is 1,700 MW, and 
it is hoped that this will be ready for completion in 
1956. 

Both these schemes, involving the control of the 
Volga river, are designed on the modern comprehen- 
sive plan, as indicated in a leading article in this 
journal last year, whereby the control of water re- 
sources for hydro-electric purposes is regarded as 
being only one part of a co-ordinated scheme. Water 
is used for irrigation, for navigation, and for power 
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Fig. 2. Dnieper power station before its destruction Fig. 3. Rebuilding of Dnieper power station 
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generation, while the plan also includes the develop- 
ment of industry in those regions where the electric 
power made available can most profitably be used. 
In this case the enormous area of semi-desert land 
in the Caspian basin can be developed and made 
fertile. It is estimated that the area affected by these 
proposals will be as much as 88,800 square miles. 
Further, by locks and navigation channels the Volga 
will be opened up to sea-going vessels. 

The third scheme relates to a canal, again primarily 
for the purpose of irrigation, with the generation of 
electric power as a secondary feature, which will run 
from the Caspian Sea to the area lying to the east, 
known as the Kara Kum (or Qara Qum) Desert. This 
region comprises 110,000 square miles of territory 
in the Soviet Socialist Republic of Turkmen. On the 
canal there will be three large dams, having a total 
hydro-electric capacity of 100 MW. This great civil 
engineering work, when completed, will not only bring 
fertility to hitherto desert land, but, at the same time, 
provide the power to bring amenities for those who 
work in the newly irrigated areas. The scheme is 
scheduled for completion by 1958. 


Fig. 4. Another view showing restoration work in 
progress on Dnieper Dam 





Book Reviews 


A.S.T.M. Manual on Quality Control of 
Materials Published by the American Society for 
Testing Materials, 1916 Race Street, Philadelphia 3, 
Pa., U.S.A. 1951. 100 pp. Price $1.75. 


This new manual is organised in three parts: 
Part | represents a revision of the main section 
of the former ASTM Manual which it replaces. 
This section discusses the application of statis- 
tical methods, other problems of condensing the 
information contained in a single set of n observa- 
tions, and presenting essential information in a concise 
form. Special attention is given to types of data such 
as would be gathered by individuals or committees 
and presented to the Society, with emphasis on the 
variability and the nature of frequency distributions 
of physical properties of materials. Part 2 represents 
a revision of Supplement A of the old ASTM Manual 
which it replaces. In this section is discussed the 
problem of presenting limits to indicate the uncertainty 
of the average of a unique sample of n observations. 
In this part is suggested a form of presentation for 
use when needed in ASTM reports and publications: 
the restricted conditions under which this form is 
theoretically applied are given and the meaning of 
such limits is explained, and a table is given to permit 
ready calculation of 99 per cent., 95 per cent., and 
90 per cent. “confidence limits” for various sample 
sizes. Working rules are presented regarding the 
number of places to be retained in computation and 
presentation of average, standard deviations, and con- 
fidence limits. In this revision the generally accepted 
term “confidence limit” is introduced, and constants 
for computing 95 per cent. confidence limits are added. 
Part 3 presents formulas, tables, and examples useful 
in applying the control chart method of analysis and 
presentation of data as mentioned above. This method 
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requires that the data be obtained from several 
samples or that the data be capable of subdivision 
into subgroups on the basis of relevant engineering 
information. The principles of this part are discussed 
largely in terms of the quality of materials and 
manufactured products. 


Statistical Year Book of the World Power 
Conference—No. 5. Explanatory notes by 

rederick Brown, B.Sc. (Econ.), F. .S.. Published by 
the Central Office of the World Power Conference, 
201 Grand Buildings, Trafalgar Square, W.C.2. 1950. 
Il in. x 84in. x 4 in. 128 pp. Price 30s. net. 

The No. 4 issue of this statistical summary was 
published in 1948 and contained data on resources 
and annual statistics for the eleven years ended 1946. 
The present volume contains statistics of the resources, 
production, stocks, imports, exports and consumption 
of power and power resources in all the countries of 
the world for which it was possible to obtain informa- 
tion. These resources include coals, brown coal and 
lignite, coke, wood, petroleum, benzoles, alcohols, 
natural gas, manufactured gas, water power and 
electricity. 

Chapter V deals with water power and affords some 
measure of the growth of hydro-electric power in 
recent years; compared with 1946, the figures for 1947 
show an increase in installed capacity of 2:2 per cent., 
and for 1948 an increase of 7 per cent. The total 
reported capacity of generators in 1948 was just under 
50 million kW. More than half of this generating 
capacity is located in Nerth America. The notes define 
certain terms which have been adopted by the World 
Power Conference for the guidance of organisations 
supplying statistics, viz. power sites, potential re- 
sources, gross capacities, rates of flow, gross head, 
reservoir site, gross capacity of reservoir sites, power 
plant, water wheels, mixed plants, installed capacities 
of generators. 
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Physical Properties and Drillability 
of Rocks 


In this introductory article the author, who has recently 

been conducting original research on “ drillability”’, 

reviews the field of testing the hardness of rocks, and 

discusses the limitations of these methods when applied 
to drilling 


By R. SHEPHERD, B.Sc. (Eng.), A.M.I.Min.E., F.G.S. 


HE drilling of rock is a necessary adjunct to 

blasting, and economic and efficient breaking of 

ground is governed to a very great extent by the 
successful application of rock drills, whether they 
consist of the percussive or rotary type. Probably 
because of the many variables involved, this subject 
has been somewhat difficult to interpret by fixed laws 
governing the amount of energy that must be used to 
drill any particular subject. So-called “hard rocks” 
have been drilled easily compared with softer rocks; 
for example, a hard compact igneous or metamorphic 
rock has been drilled more efficiently than a limestone. 
Much research has been carried out by manufacturers 
of drilling machines, and tests have been conducted 
with types and sizes of hammer drills in order to 
decide the most suitable types for drilling in certain 
strata. It is outside the scope of the present articles to 
outline details of the advances made in the field of 
metallurgy in the construction of drill steels, the tip- 
ping of bits with tungsten carbide, and the design of 
lightweight rotary machines. Much also could be said 
of the development of drilling rigs and other aids to 
the rapid driving of drifts and tunnels, but the object 
of this article is to discuss the more fundamental 
aspects of drilling, and give a description of the 
writer’s researches to date on the relation between the 
physical characteristics of rock and that, so far, very 
vague property, “drillability.” 

It has been obvious for a long time that the physical 
properties of a rock play a great part in influencing 
its resistance to the penetrative effort of a drill, and 
the following description is a discussion of this aspect, 
based on results obtained with laboratory-scale 
apparatus. 


Physical properties of rocks 

Rock hardness is incapable of exact definition, but 
is generally assumed to represent the resistance to the 
power of a drill to effect penetration. There are various 
forms of hardness, e.g. abrasive hardness as measured 
by wear tests; theoretical hardness, as measured by 
rebound tests; toughness as measured by impact tests 
and scratch hardness values. Despite the previous 
stated fallacy that a “ hard ” rock will always be more 
difficult to drill than a “ softer” rock, very little re- 
search on the correlation of measurements of physical 
properties and drilling efficiencies or drillability has 
been carried out. 

Physical hardness is probably not such an important 
factor in the field of percussive drilling, because the 
power of the drill to chip or loosen the grains is more 
decisive than in rotary drilling. 
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In a paper by Gyss and Davis' two factors are 
mentioned as influencing the drillability. The first, 
hardness of a homogeneous rock, is defined as its 
resistance to a penetrating medium such as a drill bit; 
and the second, which is toughness, as the rock’s 
resistance to withstand rupture by the tearing apart 
of its minerals or parts of the same mineral. According 
to Gyss, hardness of a rock is a function of the hard- 
ness of its component grains in addition to grain size, 
shape, arrangement, and binding materials. Rock 
toughness depends on substantially the same factors, 
but is measured by a totally different method. 


Measurement of hardness 
The relative hardness of a mineral can be deter- 
mined by the use of Moh’s scale which, adopted as a 





Fig. 1. Two views of the Shore Schleroscope used in 
the preliminary experiments 
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basis of hardness classification, may be tabulated as 
follows:— 


1. Tale. 6. Felspar. 

2. Gypsum. 7. Quartz. 

3. Calcite. 8. Topaz. 

4. Fluor. 9. Corundum or Sapphire. 
5. Apatite. 10. Diamond. 


This scale represents minerals having increasing 
hardness values from 1 to 10. Each mineral can be 
scratched by those that follow it, and will scratch the 
preceding ones in the scale. Minerals 1 and 2 can be 
scratched by the finger nail; those 3 to 5 by the point 
of a knife, 6 cannot be marked by a knife but is 
touched by a steel file, 7 can scratch glass, 8 scratches 
the file while 9 is only scratched by the diamond. 

Rosiwal expressed the relative hardnesses by grind- 
ing with a standard powder and, taking corundum as 
1,000, he arrived at the following figures: diamond 
140,000, corundum 1,000, topaz 175, quartz 120, 
felspar 37, apatite 6-5, fluorspar 5, calcite 4-5, gypsum 
1-25, and tale 0°33?. 

Moh’s scale is obviously applicable only to minerals 
having homogeneity. Each rock consists of several 
minerals, and scratch tests based on this scale are 
useless for determining the hardness values of hetero- 
geneous bodies. Raymond devised a method based on 
Moh’s scale and used a relationship 

H - SxM 

~~ 100 

where H=hardness of the rock, S the percentage of 
mineral present and M the Moh number for the 
mineral. Thus, in a rock containing 74 per cent. quartz 
(7), 6 per cent. felspar (6) and 20 per cent. mica (3), 
the rock hardness would be 6-14. There are obvious 
disadvantages attached to the use of this method as 
the difficulty lies in obtaining a true estimation of the 
mineral content, and errors in measuring hard-mineral 
content may seriously affect the final results. 
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Fig. 2. A group of specimens as used in the tests with the Shore Schleroscope 


Silica in the form of quartz is a common constituent 
of most igneous, metamorphic and sedimentary rocks, 
and is mostly the binding material or cement forming 
the matrix in which the other crystals are embedded. 
Thus, rocks having a high silica content have often a 
high hardness value so far as physical properties are 
concerned. This must not be assumed to indicate a 
low Drillability Factor, as it has been proved, much 
to the consternation of miners and drill manufacturers, 
that a high-silica quartzite is often easier to drill than 
some sedimentary rocks. 

A standard test for determining rock hardness used 
by the American Bureau of Public Roads is the 
Dorry test*. It consists in cutting a cylindrical sample 
25 mm. dia. from the rock to be tested, and subjecting 
both ends to the abrasive action of quartz sand fed 
upon a revolving steel disc. Each end of the specimen 
is worn away in inverse ratio to its hardness, and the 
amount of loss is expressed in the form of a coefficient 
of hardness 204 w where w is the loss in weight after 
1,000 revolutions of the disc. The results are averaged 
for both ends and the result expressed to the nearest 
whole number. Some authorities have suggested this 
method of hardness testing for rocks subjected to blast 
hole drilling, but the Dorry test is essentially designed 
for estimating the extent of abrasive wear on rocks 
as used for road metals where abrasion is of major 
importance. Thus, abrasion of the rock itself is 
measured, but from a drilling standpoint the converse 
—i.e. the abrasion of the drill bit by the rock subject— 
is more important. The power or property of a steel 
or alloy to abrade a rock is only prevalent under the 
very worst conditions with badly blunted bits when 
crude pulverisation prevails. Under normal conditions, 
abrasion of the drill bit only should be considered. 
For success with the Dorry test the amount of sand 
fed to the disc must be constant, and the final result 
may be influenced by wear on the disc causing it to 
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be blunted. 
Harley' suggests the measurement of the amount 


of energy required to cut a unit volume from a given 
rock and neglects air pressure, type of drill, etc., in 
order to arrive at a conclusive figure. Disadvantages 
of this method of hardness computation are dealt with 
at a later stage. There appears to be no available data 
relating to any test carried out by such a method. 

A simple method of measuring the toughness of a 
rock has been devised in America, and is embodied 
in the Page Impact Machine* *. The author has con- 
structed a similar machine and its use is explained 
later in this article. 


The Shore Schleroscope 

The various methods of testing metals for hardness 
properties have been investigated by the author with 
a view to the adoption of a suitable test for rocks. 
Most tests on metals fail when used for rocks owing 
to the latters’ well-known heterogeneity and the diffi- 
culty in obtaining well-defined scratch or indentation 
marks. Some tests even when used on metals are 
incapable of scientific interpretation’. 

The Shore Schleroscope method has been in wide 
use for hardness testing of metals and so far as is 
known was first used in Germany for rock testing in 
connection with the use of hard-metal drill bits®. 

The principle of the Shore Schleroscope is embodied 
in the measurement of the rebound of a diamond- 
spherical-tipped hammer, falling from a height h on 
to a horizontal plane surface. The rebound is h, and 
if e is the coefficient of restitution, then:— 


Guthega Station Equipment 


E give below a brief technical description of 

the two 45,500 h.p. water turbines to be in- 

stalled at the Guthega station by the Snowy 
Mountains Hydro-Electric Authority, Australia. 

The spiral steel casing, with an inlet diameter of 
5 ft., is cast in halves and has a total weight of 30 
tons. The runner, which is of fabricated construction, 
has cast blades of stainless steel welded to the crown 
and to the bottom ring plates. Also of stainless steel 
are the guide vanes, 24 in number, which are cast with 
integral stem. 

The alternator and turbine shafts are carried in a 
total of three bearings: a thrust bearing at the top of 
the alternator with which is also incorporated a guide 
bearing; a second guide bearing below the alternator 
rotor; and finally, a turbine guide bearing located on 
the cover, close to the turbine runner. 

The thrust bearing is of the pivoted-pad type, and 
is mounted on the upper bracket. It carries the weight 
of the rotating parts, together with hydraulic thrust, 
totalling about 235 tons. A thrust bell, pressed on the 
shaft and secured thereon by keys, rests on cast-iron 
pads with whitemetal linings, which are pivoted to 
allow a small movement in each direction. The lower 
guide bearings are fitted with whitemetal-lined cast- 
iron bushes. 

The combined thrust and guide bearing at the top, 
together with the guide bearing below the rotor, have 
acommon oil system in which oil circulation is main- 
tained by an a.c. motor-driven pump, with a d.c. 
WATER 
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Fig. 1 shows two views of a Shore Schleroscope as 
used by the author in the tests to be described. The 
diamond-pointed hammer falls vertically down a close 
bore glass tube. Air pressure applied by hand com- 
pression of the rubber bulb connected by rubber 
tube to a cylinder containing a piston at the top of 
the instrument operates a catch which releases the 
hammer. The vertical ascent of the hammer, after a 
test, is effected by squeezing the bulb, the hammer 
again being suspended by the catch at the top. A scale 
is etched on the glass tube and is read by means of 
a pointer attached to a movable magnifying lens. 

A cube of the rock sample is firmly clamped on 
the stand, the instrument being levelled by means of 
the tripod screws at the base, to the lateral position 
of the pendulum bob. Loose clamping, incorrect 
levelling and the use of unsuitably planed samples will 
be denoted by very low readings. Fig. 2 shows a group 
of specimens as used in the tests. 

(To be continued) 
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standby pump. For the turbine guide bearing, the 
pump is gear driven from the main turbine shaft; 
there is also a d.c. motor-driven pump for starting up 
and acting as standby. Both the bearing-oil systems 
are equipped with external coolers. 

Braking is carried out by means of rams, operated 
by compressed air, situated on the lower bracket. 
Ferodo-lined pads press on a special bearing surface 
on the rotor and enable the set to be brought to rest 
in a few minutes. The brake rams can also be used 
as jacks to raise the rotor, in which case they are 
supplied with high-pressure oil from a hand-operated 
hydraulic pump. 

The relief valve is designed to give a diffused dis- 
charge in the form of a hollow cone. 

Speed governing is carried out automatically by 
means of an oil servo motor, operated by an actuator 
of The English Electric Company’s standard design. 
The actuator is gear driven from the main shaft. In 
the case of servo-oil failure, there is an automatic 
device which closes the guide vanes. Operation can 
also be carried out by hand in the event of failure 
of the automatic servo mechanism. An electrically 
driven pump provides oil pressure for the governing 
gear at a pressure of 280 Ib. per sq. in. Among the 
protective devices with which the sets are equipped 
is an overspeed governor. If the set should reach a 
speed of 30 per cent. above normal, this governor 
causes the guide vanes to close, and also the water- 
pressure-operated English Electric “ Straightflow ” 
main valve isolating the turbine. On each of the bear- 
ings there is fitted a dial type thermometer with an 
electric contact to operate an alarm circuit if undue 
temperature rise should occur. 
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Weather, Water and Power 


From time to time unexpected periods of drought occur when whole 

regions dependent on electrical energy from water power plants have been 

deprived of electricity. Thus long-term weather forecasting could be an 

important aid to those planning and operating hydro power plants. In this 

article the geneses of the problem are discussed by Irving P. Krick, 

Professor of Meteorology, California Institute of Technology, Consultant 
Meteorologist to IMCOS Ltd., London. 


N adequate water supply for the generation of 

power and for the many agricultural and in- 

dustrial uses for which water is required is very 
much dependent at the present time upon the vagaries 
of the weather. The continual increase in population, 
the resultant drain placed upon existing facilities for 
hydro-electric power generation and water storage, as 
well as the current deficiencies in annual precipitation, 
have brought the importance of water supply into 
sharp focus in recent years. 

Excluding for the moment the possibility of stimu- 
lating clouds to produce rain or snow, future estimates 
for water supply are based primarily upon current 
snow surveys. Numerous attempts have been made 
to predict water supply on the basis of climatic varia- 
tions or alleged weather cycles evolved from studies 
of tree rings, ocean temperatures, sun spots, clay 
varves or other factors having an indirect relation to 
weather. The scarcity of actual weather records and 
particularly those in suitable form for proper study 


and evaluation in determining the causes of rainfall 
has necessitated this rather nebulous treatment of the 
relation of weather to water supply. For this reason 
commitments based upon predictions developed from 
such studies have been considered hazardous. 

There seems to be little doubt, however, as to the 
reality of climatic changes in the past and their pro- 
found effects upon civilisation. It is not difficult to 
establish the fact that such variations have occurred 
—it is the validity of predictions based upon them that 
is dubious. 

A brief resumé of climatic variations during 
historical times may be of interest. These variations 
have been sufficiently great to dominate the rise and 
fall of civilisations during the last six thousand years 
and have been even more dramatic during the various 
geological eras, where evidence points to alternate 
periods of great warmth and extreme cold—the latter 
characterised during the late geological epochs by ex- 
tensive glaciation on both hemispheres. Various types 

















Fig. 1. “ Beta North Alpha Plus"’ — high pressure over the Azores pushes storm track northwards and 
: clear of Scotland 
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of evidence appear as indications of long-period 
climatic swings. For example: archaeological ruins of 
cities have been discovered in areas where water is 
not now present and in areas now completely under 
water. Remnants of slowly decaying forests in Chinese 
Turkestan which is now a desert have been unearthed. 
Roman irrigation works have been discovered in 
North Africa and Syria, where there is not now 
enough water to fill them. Records of crops and traces 
of vegetation in certain regions now climatically un- 
suited for these plants are common. 

In general there seems to have been a period from 
5000 to 1500 B.C., when hardwood forests covered 
Europe, while Western Asia was dry and warm. From 
1500 B.C. to 400 A.D., storminess increased and tem- 

ratures decreased in Western Europe. The forests 
died out, peat bogs formed and there was a southward 
advance of the polar ice sheet. From about 400 A.D. 
to 1000 A.D. drier, warmer conditions again prevailed 
and the Viking civilisation spread to Iceland and 
Greenland. After 1000 A.D. storminess increased, 
winters became cold, the rivers were all frozen and 
the Viking colonies died out. Climatic conditions were 
better to the south where rainfall increased and the 
Italian Renaissance developed. 

It is the contention of many investigators, especially 
geologists, that during glacial periods storm tracks 
are shifted southward, bringing rain to normally desert 
regions. The same explanation can be applied to the 
shorter period climatic swings. As the desert regions 
are shifted south, they displace the jungles which they 
invade. As an example of this action upon the rise 
and fall of civilisation, it may be inferred that the 
Mayan civilisation must have developed in the period 


around 1000A.D., when relatively dry conditions 
rather than the present jungle conditions prevailed 
in Yucatan. This occurred simultaneously with ab- 
normally heavy rains in California as indicated by 
the tree rings; thus during this era all of the climatic 
zones were shifted southward in relation to their 
present-day positions. 

From these historical data it becomes apparent 
that the climatic variations in relatively modern times 
have been sufficiently great to alter the very course 
of history. Early investigators, realising the importance 
of climate upon human activities, began to study 
available weather records in an effort to predict swings 
which would occur within the span of a lifetime. 
Briichner in 1890 gave a thorough treatment to such 
short-period climatic variations based upon long 
records of rainfall and temperatures, the grape harvest, 
height of lakes, river floods and related phenomena. 
He found a certain rhythm in these variations which 
he chose to call a cycle. The length of his “cycle” 
varied from 20 to 50 years, averaging about 34.8 years. 

Briichner’s work led to many other studies aimed 
at discovering a cyclical trend in weather which could 
be used as a basis for prediction. Many of these 
investigations have been predicted upon the sun spot 
period of 11 years. The sun is the source of energy 
which drives the atmospheric circulation. Therefore 
variations in the output of solar energy must be 
reflected in some way within the atmosphere. How- 
ever, many periodicities have been found which can 
apparently be related to sun spots, but all of them have 
such small amplitudes that their usefulness as a means 
of prediction is doubtful. Furthermore, their relation- 
ship to weather has never been accurately defined. 
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Fig. 2. Alpha Minus 
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— continental high pressure associated with high over Greenland lies across track 
of storms to N. of Scandinavia but rain reaches the British Isles 
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As yet, only one of the few apparent links between 
solar activity and weather has been established by 
Clayton. He has shown that in years of great solar 
activity, atmospheric pressure is unusually high in the 
middle latitudes and low in the equatorial zone. This, 
of course, will have a bearing upon the storm tracks 
of middle latitudes. 

Sir Gilbert Walker and other investigators have 
demonstrated that seasonal weather characteristics in 
various regions of the earth are inter-related. Such 
investigations have proved fruitful in predicting 
seasonal weather trends in some parts of the world. 

Many investigations have been made to correlate 
the southward extent of drifting ice from the Green- 
land Sea in the spring and early summer with sub- 
sequent weather in Europe. There seems to be some 
indication that during years of excessive ice the water 
surface is cooled below normal and remains so for 
many months after the ice has melted. It is believed 
that this causes higher than normal atmospheric 
pressure over the North Atlantic, forcing storms to 
follow a more southerly track into Europe thus 
producing above normal rainfall in Scotland and 
Norway the following autumn. Studies of this type 
for the Pacific region started by McEwen in 1916, 
resulted in forecasts of seasonal precipitation for 
southern California. Here again it is believed that 
cold summer water temperatures off the Pacific Coast 
are followed by wet winters. 


Storm Patterns 

In recent years the Department of Meteorology at 
the California Institute of Technology, together with 
IMCOS Ltd. in London, have attacked the problem of 









forecasting long-period weather fluctuations through 
studies of the circulation patterns in the atmosphere 
responsible for the weather. Only since the war has a 
sufficiently long record of the atmospheric circulation 
over the Northern Hemisphere been available for such 
studies. Unfortunately this record, which covers a 
period of fifty years, is too short to discern any of the 
climatic variations referred to above. However, the de- 
tailed study of this weather archive has revealed that 
the atmospheric circulation patterns are essentially 
stable, exhibiting a limited number of configurations 
which recur constantly. This weather record has been 
classified day by day in terms of the basic circulation 
patterns which have been discovered. 

By preparing a catalogue of the various atmospheric 
processes from this record it becomes possible to 
correlate current weather trends with those of the past 
fifty years, using analogous past situations as a basis 
for prediction. 

Some success has been attained through the use of 
this method in predicting monthly and _ seasonal 
weather trends and it shows promise of yielding 
reliable forecasts over even longer periods. 

At the present stage in the development of this 
method it would be premature to attempt a prediction 
for next year or the year after. It is possible that con- 
tinued effort and the extension of researches now 
under way, ultimately will yield reliable forecasts for 
more than a few months. 


Induced Rainfall 

We cannot overlook the possibility of increasing 
water supplies by artificial means. Considerable ex- 
perimentation is under way in different parts of the 
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— typical west to east flow with storm centres crossing the British Isles 
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world to determine the economic feasibility of arti- 
ficial stimulation of clouds to produce rain. It appears 
that during periods of drought such activities would 
be a complete failure, owing to the prevalence of 
unfavourable atmospheric stratifications, but when 
rains come or are imminent, it may be possible to 
intensify and localise the fall to augment water 
supplies. An increase in snowcover over watersheds 
normally blanketed with snow during the winter 
months is a goal which may be achieved by experi- 
ments now in progress. Considerable value could 


Fig. 4. Azores Alpha — continental high pressure prevents depressions reaching the British Isles 





possibly be derived from such practices. 

However, as shown in the early paragraphs of this 
discussion, there comes a time when the forces of 
nature so alter the course of moisture-laden air 
streams that fertile areas become desert wastes and 
jungles encroach upon arid lands. During these inter- 
vals the efforts of man to cause rain may become puny 
and ineffectual. Let us hope that science can meet 
this challenge and prevent a recurrence of the great 
migrations of the past which have been occasioned 
by man’s inability to control the elements. 





Education for Management 


Under the auspices of the Anglo-American Council 
on Productivity and the Economic Co-operation 
Administration, the Education for Management 
Team, sponsored by the British Institute of Manage- 
ment, sailed for America last month. The sending of 
the team implements the recommendation made in 
1947 by a special committee in advising the Minister 
of Education on the educational facilities desirable 
for management in industry and commerce. “A small 
but authoritative commission,” it held, “should be 
appointed to examine and to report on existing facili- 
ties for management education in the United States; 
... the United States have a wealth of equipment, of 
experience and of trained personnel in this field to 
which there is no parallel in Great Britain.” 

The aims of the team will be: to estimate the 
volume of effort devoted to education in management 
subjects in the U.S.A. at all levels; to visit selected 
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educational establishments providing schemes of 
education and training for management, and to study 
their methods; to attempt to assess the acceptability 
of such education in management subjects to industry 
and commerce and its influence on the subsequent 
careers of students; and to report upon training 
schemes within industry itself. ; 

The team, which is to be led by Lt.-Col. L. Urwick, 
O.B.E., M.C., M.A., F.LILA., comprises members 
having special knowledge of management education 
from the points of view of industry, the universities 
and the technical colleges. It includes representatives 
of the Ministry of Education and a trade unionist. 
Lt.-Col. Urwick is Vice-Chairman of the British 


Institute of Management and Chairman of Urwick 
Orr and Partners. 

In order to make the maximum use of its allotted 
time of six weeks the team will be divided into five 
groups, each of which will possess both educational 
and industrial backgrounds. 
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Hydraulic Turbine Lubrication 


S. F. CHISHOLM, M.1I.Mech.E., M.I.Mar.E., who is a 












member,of the technical staff of the Vacuum Oil Co. Ltd., Ul 

discusses the fundamentals of this subject. . 

S hydro-electric power stations are usually located is self contained for each individual machine. In some : 

Pom from the hub of industrial life, continuity designs, the force-feed system applies only to the guide 0 
of output, reliability of service, economy of bearings, and the thrust bearings are submerged in a 

operation and maintenance are factors of the greatest separate oil bath without any connection with the 5 

importance, and each of these is directly influenced main circulation system. 

by the correct selection and application of the appro- : 






priate types of lubricant. 

Three general systems are employed for lubricating 

the thrust and generator guide bearings: 
(a) The unit oiling system. 
(b) The gravity oiling system. 
(c) The self-oiling system. 

Unit oiling system. In a system of this design (Fig. 
|) the thrust and guide bearings (there may be two 
or more of the latter depending upon the length of 
the shaft) are supplied by a pump which is driven 
either from the generator shaft or by independent 
means. Oil drains from the bearings to a reservoir 
from which the pump takes its supply. This system 


















































Fig. 1. Diagrams illustrating turbine 
lubrication in the unit system 
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Gravity oiling system. A system of this design 
(Fig. 2) makes use of an overhead tank which supplies 
oil by gravity to the thrust and guide bearings of all 
machines in the power station. From these bearings 
the oil returns to a common filter, where it is picked 
up by the pump and returned to the overhead tank. 

The gravity oiling system is often applied to guide 
bearings only. In such cases the thrust bearing of each 
individual machine is lubricated independently by an 
oil bath for which there is no external circulation. 

The advantages of a properly designed gravity 
system are -— 
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Fig. 2. Illustrating the 
gravity oiling system 
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(a) The continuous filtration of all circulating oil re- 
moves contaminants which might be responsible 
for abrasion and wear. 

(b) The circulating pump can be much more robust, 
thereby giving less trouble than individual pumps 
driven from the turbines. 

(c) A larger oil system can be provided, affording a 
lower circulation rate and giving a longer settling 
time for the precipitation and removal of im- 
purities from the oil. 

The principal disabilities of a station gravity system 
are :— 

(a) Difficuity in isolating sources of oil contaminations. 

(b) Difficulty in providing for varying oil requirements. 

Self-oiling system. This type, illustrated in Fig. 3, 
is often employed on smaller units and constitutes an 
independent system for each machine. The upper 
generator guide bearing is enclosed in a housing with 
the thrust. These bearings run in an oil bath for which 
there is no external circulation of the lubricant. The 
lower guide bearing is likewise enclosed in a housing 
and a pump driven from the generator shaft forces 
oil to an elevation from which it flows downwards to 
the top of the lower guide. 


Hydraulic governors 

The oil-pressure governor (Figs. 4, 5 and 6) consists 
of the governor proper and the pump unit. The prin- 
cipal elements of the governor comprise one or more 
power or operating cylinders, a suitable mechanism 
for transmitting motions from the pistons to the gate, 
a main or relay valve, a pilot or regulating valve, a 
centrifugal speed governor, and a compensating or 
overspeed device. 


GOOLING COIL 


_— >» 
SIGHT FLOW 
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Passage of the oil from the pressure tank of the 
pumping unit to the power cylinders of the governor, 
and back to the oil receiving or sump tank, is regu- 
lated by the large governor relay valve. This valve is 
actuated by oil pressure, which is regulated by the 
small pilot valve. Movement of the pilot is controlled 
by the centrifugal speed governor. Means are provided 
through suitable links and levers for closing all valves 
when the power pistons have adjusted the flow of 
water sufficiently to hold the turbine at the desired 
speed. Compensating mechanisms prevents too sudden 
or too great an opening or closing when the load 
changes. Without such a mechanism, hunting or racing 
of the turbine would inevitably occur. 

The pumping unit usually consists of a rotary or 
plunger pump, a sump tank, a pressure tank, an un- 
loading or bypass mechanism, oil strainers, suitable 
valves and piping. In some installations the oil pres- 
sure for operating the governor is maintained by a 
compressor which delivers air into the pressure tank 
above the oil level. In others, air is drawn with the oil 
into the suction side of the pump and the mixture is 
forced into the tank. The separation of the compressed 
air from the oil provides a pressure cushion in the 
tank. 

As a rule the pressure tank is located close to the 
governor in order to eliminate the effect of inertia in 
the supply piping. The governor proper, comprising 
the centrifugal governor and the pilot and main valves 
is usually on the operating floor. 

Many large installations are equipped with central 
oil-pressure systems. The pumps are generally motor 
driven and are provided with automatic control. With 
a central oil-pressure system each unit has its own 


accumulator or pressure tank. 

Vertical reaction turbines with adjustable runner 
blades may be governed in a manner similar to that 
shown in Figs. 7 and 8. The movement of the ates 
and the blades is controlled by the same governor, so 
that for every gate position there is a definite position 
of the blades. In the system shown the blades are 
actuated by a regulating rod, the movement of which 
is controlled by the oil that is delivered from the 
governor proper to a servo-motor through the hollow 
generator shaft. 


Care of governor systems 

The smooth and accurate operation of the turbine 
governing mechanism is of great importance to the 
speed regulation of hydro-electric units. Unless the 
governor oil is correctly selected for viscosity; unless 
its chemical stability is suited to continuous service: 
and unless the oil itself is maintained in proper 





Fig. 3. Illustrating the 
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Where central grease systems are employed it is of 
the utmost importance that the grease should have a 
consistency that will ensure steady flow through long 
lengths of piping under cold conditions. It should 
also possess non-separating properties to ensure that 
splitting does not occur. 





it o Did ned <f Flushing of oil systems 
All| << ee. Despite the care taken in the cleaning of a turbine 


—% i] oil system, many impurities are likely to remain and 
i me E | ) 0 which, unless removed, might accelerate the deteriora- 
——?_— 


all 


tion of the oil. For this reason it is desirable to clean 
out the systems with a change of turbine flushing oil 
before the introduction of the running charge. The 
flushing oil should be kept in circulation until it is 
certain that all extraneous impurities have been re- 
moved by a centrifuge; a sample should then be 
subjected to a laboratory examination to ensure that 
there has been no contaminant in the system which 
would impair the stability of the oil. When it has been 
established that the system is satisfactory in this 
respect the flushing oil can be withdrawn and replaced 
with the permanent charge. 


Oil characteristics 

Chemical stability. Although the oxidising influences 
to which an oil used for hydraulic turbine lubrication 
is exposed may not be so severe as those encountered 


Fig. 4. Vertical turbine showing governing unit and 
control for wicket gates 


condition, i.e. free from impurities, deposits may 
ultimately form, or there may be a tendency to foam. 
Either of these conditions will prevent efficient 
operation. 

One of the most important and vital requirements 
of governor operation is to use clean oil and to keep 
it clean. All oil should be carefully strained before it 
is put into the system. Particles of scale, waste or other 
foreign material may remain in the system even after 
a conscientious initial cleaning, and many impurities 
enter the system during service. Effective screens or 
strainers should be provided to remove these con- 
taminants, otherwise they may affect the sensitiveness 
of the pilot valve and, in addition, will tend to pro- 
mote the formation of deposits. Strainers should be 
inspected and cleaned regularly to prevent the ac- 
cumulation of dirt. When strainers are cleaned auto- 
matically by flushing with oil from the system this 
oil may be settled, filtered and returned to service. 
Periodic reconditioning of the entire charge by settling Fig. 5. Detail of gate mechanism showing connections 
and filtering is desirable. to operating cylinders and operating rings 


Gates and operating ring 

It is of the greatest importance that turbine gate 
and operating rings should move smoothly and easily 
in order to ensure proper regulation and a minimum 
wear of the operating parts. The principal points 
needing lubrication are the links and pins of the 
operating mechanism, and the bearings of the guide 
vanes. The common practice is to install high-pressure 
grease fittings, normally located at an accessible ele- 
vation where grease can conveniently be applied by 


a gun. 


in steam turbine lubrication—since there is less heat, 
a lesser surface of oil exposed to heated air and less 
liability of contamination—a high resistance to oxida- 
tion is nevertheless necessary. This is particularly 
important in the case of the governor system, because 
even the slightest deposit can be responsible for erratic 
operation. The type of oil selected must therefore have 
the highest possible chemical stability, and preferably 
be reinforced against oxidation by the most efficient 
oxidation and rust inhibitors. 
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Fig. 6. Schematic layout of governing system 
for a hydraulic turbine 
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Viscosity. The modern trend is to utilise an oil of 
medium viscosity both for the bearings and the 
governor system. However, there are many installa- 
tions which demand a much heavier oil for efficient 
governing. Governors are generally designed to ac- 
commodate an oil of a specific viscosity and because 
of the sensitivity of some mechanisms to variations 
of oil viscosity, no compromise is possible. 

Foaming. Any tendency to foaming, particularly in 
governor oil system is extremely troublesome, but can 
be overcome by properly designed oil circuits and 
suitable ventilation. Where a properly selected oil is 
in use and foaming is experienced, this way is due 
to: 
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the effect of impurities in this 

oil; 

the presence of water; 

(c) too high an oil temperature; 

(d) too little oil in the system. 
As the cause of foaming is in 

most cases due to a design factor, 

a mechanical cause, or to impuri- 

ties in the oil, the disability can 

usually be corrected. 


(a) 
(b) 


Benefits of correct lubrication 

Correct lubrication is vital to the dependable and 
economical operation of hydro-electric installations. 
Inferior lubricants do not possess the inherent quality 
characteristics demanded by modern service con- 
ditions. Their use demands the frequent and costly 
cleaning of oil systems because of the deposition of 
oxidation products. Losses are thus incurred in both 
operating time and in the replacement of the oil 
charge; but the financial loss which may result through 
an enforced shut-down—even for the briefest interval 
—is a much more serious matter. These are more than 
sufficient to efface any false savings that might have 
been acomplished by the substitution of an inferior 
lubricant. 

As in many other branches of modern engineering 
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Fig. 7. Governing system for adjustable runner; here 
the gate movement is controlled in conjunction with 
the angle of the blades on the runner, both adjust- 
ments being made by the servo motor 


practice, dependability, continuity of service and 
economy of operation of hydro-electric installations 
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Fig. 8. Sectional view of governing system for 
controlling blade movement of Kaplan runner 


can only be secured by efficient lubrication and this 
in its turn depends (apart from design factors) upor 
the use of correctly selected oil, upon the maintenance 
of the purity of that oil and by proper care and treat- 
ment of the oil in service. 





Marguerite River hydro 
development 


HIS development will occupy a site on the 

Marguerite River near “61” or “Second Falls,” 

located a few miles from Clarke City, Saquenay 
County, Quebec. The plant is intended to supply 
power to an existing mill owned by the Gulf Pulp & 
Paper Company and to the Iron Ore Company of 
Canada. Additional and smaller quantities of power 
will be delivered to the town of Seven Islands, the 
local airport and other small communities. The plant 
will also supply the pulp mill with a continuous flow 
of water for a number of hydraulically driven grinders. 
Hence the total power will be distributed as shown 
in the accompanying table. 

The dam is to be sited in a narrow gorge of the 
Marguerite River and will have a maximum height 
of about 120 ft. Connection with the power plant will 
be made by a conduit tunnel 700 ft. long and by 
penstocks of about 100 ft. in length. Situated at the 
base of a cliff, the powerhouse will contain two or 
three units with an ultimate total output of 25,000 
hp. under a static head of about 120 ft. A very 
variable river-flow has to be accommodated, ranging 
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from 35,000 cusec in the flood season to as low as 
300 cusec in the deep winter season, and the dam 
TABLE 
(a) Initial Development 
Iron Ore of Canada, Port at Seven Islands 
Gulf Pulp & Paper Co. ... ee 
Seven Islands Town and Airport, smaller 
communities xe isc J 


7,000 h.p. 
3,000 h.p. 


3,500 h.p. 


13,500 h.p. 


Ultimate Development 

Iron Ore of Canada 

Gulf Pulp & Paper Co. ... ae wa 

Seven Islands Town and Airport; smaller 
communities be soe = 


13,000 h.p. 
3,000 h.p. 


4,000 h.p. 


20,000 h.p. 
will provide sufficient storage to develop a potential 
output of 25,000 h.p. all the year round. During the 
winter months the demand will consist mainly of the 
water and power requirements of the pulp mill. It will 
also feed power to the town of Seven Islands and 
to the terminal facilities of the Iron Ore of Canada 
Company, mostly for machine and repair shop work. 
It is planned that the dam will carry a first-class high- 
way crossing and new approaches will be constructed 
to connect with the existing road. 
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New David Brown Bulldozers 


A two-day demonstration was held recently at 
Gildersome, nr. Leeds, by David Brown Tractors 
Ltd., in association with Blaw Knox Ltd., of the 
new David Brown Trackmaster diesel track-type 
tractors, fitted with Blaw-Knox hydraulic Dozers, 
which have been developed to meet the demands of 
the home market. The location was a disused open- 
cast site, and the programme included excavating, 
filling, levelling and grading. Two machines operating 
abreast demonstrated the excavation of a cutting 
through a hillside. 

The demonstrations provided a first opportunity 
for introducing these new machines to the public, and 


representatives of the War Office, the Ministry of 
Supply, the Coal Board, the Crown Agents, the G.P.O., 
contractors and several County and Borough Councils 
were present. 

At the morning session on each day, the machines 
demonstrated were 4-cylinder Trackmaster Diesel 
“30”"s, with David Brown Diesel engines, direct in- 
jection units, developing 31 b.h.p. at 1,600 r.p.m., with 
a maximum drawbar pull of 7,500 Ib. A dual-range 
three speed gearbox gives the Trackmaster “30” six 
useful speed ranges from 1-06 m.p.h. to 5-72 m.p.h., 
with reverse speeds of 1-27 and 2:62 m.p.h. A feature 
of this tractor is the “ Duotrack” steering based on 
a geared differential, which ensures power to both 
tracks on the turn. With the standard track shoe width 
of 10 in., the machine has a ground pressure of no 
more than 6 lb. per sq. in. and weighs 7,400 Ib. 

The Blaw-Knox dozer blade is 5 ft. 8 in. wide, and 
is operated by a gear-type pump, driven from the rear 
power take-off shaft, and has been especially designed 
and developed for the new unit. 

Other Blaw-Knox equipment was demonstrated at 
the afternoon sessions. Mounted on a prototype David 
Brown 6-cylinder Trackmaster “SO” track-type tractor 
was the Blaw-Knox “F” type double-drum power 
control unit, operating a 4 cu. yard scraper. The 
6-cylinder diesel engine develops 54 b.h.p. at 1,800 
r.p.m., and showed itself capable of handling the 
4-yard scraper with ease in difficult conditions, for the 
ground was heavily waterlogged after several days’ 
continuous rain. Especially noticeable were the 
tractor’s good travelling and loading speeds. 

The B-K R-35 Ripper was also demonstrated, 
operated by a model “30” Trackmaster. 

The Trackmaster Diesel “ 30,” complete with Blaw- 
Knox dozer is quoted at £1,400 ex works, with de- 
livery in three to six months. The 6-cylinder machine 
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will not go into production until the latter end of this 
year, when it will be available with a Blaw-Knox 
hydraulic angledozer in addition to the equipment 
referred to above. 


Steel-Framed Building 


Construction 


For many years the Structural Steelwork Division 
of Chamberlain Industries Ltd. have experimented 
with the idea of producing a simplified form of 
steel building construction, using the unit principle, 
which would greatly reduce erection and fabrication 
time, and they are now marketing steel-framed build- 
ings in accordance with British Standards Code of 
Practice. These buildings, illustrated herewith, are 
suitable for use as offices, garages, warehouses, work- 
shops, etc. They are of unit construction, and are 
designed to facilitate rapid and easy assembly. They 
can be provided in widths of 36, 48 and 60 ft. The 
trusses are placed at 10 ft. intervals, enabling any 
reasonable length of building to be constructed, and 
the height can be adjusted as required from 12 to 14, 
16 or 18 ft. 

The accompanying illustration shows a simplified 
form of steel building which may be modified by the 
addition of differently designed facades. ; 

The steelwork, consisting of stanchions, trusses, 
purlins, sheeting rails and gable ends, forms a com- 
plete structure with all the necessary bolts, cleats 
and connections. One coat of paint is given to all 
steelwork before despatch, and component parts are 
manufactured and packed to save shipping space, 
each part being suitably marked for assembly. 

The corrugated asbestos sheeting, of the Super Six 
or similar type, includes all the necessary accessories, 
such as bargeboards, corner pieces, ridges, hook bolts, 
washers and galvanised fittings. In the case of export 
orders 24 per cent. spares are allowed for breakages. 

The glazing consists of 6 ft. wired cast glass for 
the roof only, complete with Hercules aluminium 
glazing bars, and lead flashings with all the necessary 
clips and fittings. Again, 24 per cent. spares are in- 
cluded for breakages and losses. 

The gutters, constructed of } in. thickness pressed 
steel, are complete with the necessary gutter straps, 











stop ends, outlets and down pipes to each side ele- 
vation with the necessary brackets and shoes. The 
5 ft. square metal sashes are of standard construction 
and the centre portion opens with pivot hinges for 
ventilation purposes. The steel-framed corrugated iron 
sheeted sliding doors at the gable end of each building 
provide an opening 12 ft. wide with a height suited 
to that of the building and are provided with Coburn 
track, rails and guides. 

A full set of drawings is provided, showing the 


WATER POWER May 1951 





gener 
founc 
erecti 
tions, 


desig 
clear 
heigh 
Sc 
An 


rangement of the building, the details, the 
foundation plan, the complete, properly marked, 
erection drawings, material lists, shipping specifica- 
tions, nut and bolt lists, etc., so that complete buildings 
may be easily assembled and erected on the site. 
Three types of standard buildings have been 
designed: No. 1 measures 36 ft. by 120 ft. by 14 ft. 
clear height; No. 2, 48 ft. by 100 ft. by 14 ft. clear 


general al 


height: and No. 3, 60 ft. by 80 ft. by 14 ft. clear height. 


Scale model of Hydro-Generator 


An interesting scale model of a large electric 
senerator was a feature of the Metropolitan-Vickers 


stand at the North of Scotland Hydro-Electric Board 


Each bank of transformers is directly associated 
with a generator. Single-phase generator transformers 
in three-phase banks are used to minimise the weight 
and dimensions for transport to the station sites, to 
restrict the damage in the event of an internal trans- 
former fault, and to allow for one unit to be provided 
as a spare. 

It is the standard practice to use water-cooled 
transformers since an abundant water supply is avail- 
able. Forced oil circulation through separate coolers 
has been used in certain instances but the department’s 
experience to date with water-cooled units having 
natural oil circulation has been quite satisfactory. 

Outdoor units are provided with open-type bush- 
ings, connected to separately mounted cable end boxes 
by copper jumpers to speed up changing of units and 


to facilitate testing. 


New Concrete Bucket 


Blaw Knox Limited have recently put on the 
market a circular air-operated clamshell - gate 
concrete bucket. This is called the “CAC” and 
is available in sizes of 2, 3, 4 and 8 cubic yards 
capacity. It has been developed for large projects 
such as dam construction where the use of mass 
concrete containing coarse aggregates exceeding 6 in. 
in size and air-entraining agents, renders the concrete 


Exhibition at Dundee last month. As our illustration 
shows the model is part-sectioned and represents a 
17,100 kVA 600 r.p.m. water-turbine driven a.c. 
generator, four of which are being manufactured at 
the company’s Trafford Park works for the Kiewa 
Hydro-Electric Scheme of the Victoria State Elect- 
ticity Commission, Australia. Two other Metrovick 
machines similar to the above, but each rated at 
17,778 kVA and driven by a Pelton wheel, are also 
in hand for the Kiewa scheme. 


“sticky.” Concrete buckets of special design are 
required for the economic handling of this type of 
concrete. It is claimed that the new bucket loads and 
discharges both rapidly and completely and that the 
discharge is controllable, a feature which enables 
part of the bucket load to be deposited in one 
location and the remainder elsewhere. The air- 
operated discharge gates are positive and quick 
acting in operation. The bucket is equipped with 
quick-release, lifting-hook attachments for crane or 
cableway. 


Transtormers for New Zealand 


For the latest extension of the Waitaki power house 
of the New Zealand Hydro-Electric Department, The 
British Electric Transformer Co. Ltd. are supplying 
six 5-5 MVA single-phase, water-cooled transformers 
to form two three-phase 16°5 MVA banks each 
stepping-up the 11 kV output from a 15,000 kW 
generator to 110 kV for transmission. The order was 
received through A. & T. Burt Limited, Wellington, 
the New Zealand agents of Crompton Parkinson Ltd. 
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Sommaire 


Pitlochry (page 164). 

L’entrée en service de la station génératrice de 
Pitlochry marque une nouvelle étape de I’éxécution 
du projet Tummel-Garry entrepris par le North of 
Scotland Hydro-Electric Board. Ce premier article 
définit les fonctions de l’élément Pitlochry dans 
lensemble du projet, et décrit, d’autre part, en détail 
les travaux de génie civil que la construction du 
barrage et de la station a comportés. Un second 
article sera consacré a I’équipement mécanique et 
électrique. 


Un voyage d’étude dans les Alpes. Par le 


Dr. Charles Jaeger (page 173). 

L’auteur, éminent ingénieur conseil, décrit certains 
des aspects qui ont retenu son attention au cours 
d’une visite récente des stations génératrices souter- 
raines dans les Alpes frangaises et italiennes. Il 
mentionne en particulier le barrage de Tignes et les 
stations de Malgovert et des Bréviéres — matériel 
installé, difficultés rencontrées dans la construction 
du tunnel de pression, béton employé pour le barrage. 
Il expose de méme en détail les caractéristiques du 
barrage de Sta. Gustina, dont la partie supérieure est 
formée de voites encastrées independantes tandis que 
les votes épaisses de la base ont été calculées suivant 
la théorie des cylindres épais. (article 4 suivre). 


Le Temps, |’Eau et l’Energie. Par Irving P. 
Krick, Professeur de Météorologie 4 l'Institut Cali- 
fornien de Technologie, et Météorologue Conseil, 
IMCOS Limited, Londres. 

L’augmentation continue de la population, l’effort 
qui est, en conséquence, demandé a l’équipement 
hydro-électrique en service et l’insuffisance des pré- 
cipitations atmosphériques ont mis en trés vif relief, 
dans les années récentes, l’importance des ressources 
en eau. On a souvent essayé de baser la prédiction 
sur les variations de climat ou prétendus cycles 
climatiques déduits de lobservation des anneaux 
annuels des arbres, de la température des océans, des 
taches du soleil, de la texture des argiles et d’autres 
facteurs indirectement liés au temps; mais ces calculs 
restent assurément incertains. Que le climat change 
est un fait incontestable; ses variations ont affecté, 
voire détruit, des civilisations tout entiéres, mais les 
facteurs qui les determinent sont encore inconnus. 
L’auteur résume brievement I’histoire climatique du 
monde depuis l’an 5000 avant notre ére:—il semble 
qu’entre l’an 5 000 et l’'an 1 500 l'Europe était couverte 
de foréts d’arbres feuillus, tandis que I’Asie occi- 
dentale était s¢che et chaude; de I’an 1500 avant 
notre ére a l’an 400 de notre ére les perturbations 
augmentérent et la température décrut en Europe 
occidentale; les foréts disparurent, des tourbiéres se 
formérent et la calotte polaire gagna vers le Sud. 
Apres 400, la température devint plus clémente et la 
civilisation Viking s’étendit; plus tard, au gré du 
climat, naquit la Renaissance Italienne. 

On a récemment essayé de prévoir les fluctuations 
principales du climat d’aprés I’étude de la circulation 
atmosphérique, mais les données de I’enregistrement 
authentique couvrent une trop courte période pour 
pouvoir servir de bases 4 une prédiction sire; la 
périodicité du retour 4 un ensemble stable a été 
établie. L’auteur mentionne la possibilité d’accroitre 
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la chute des pluies par des moyens artificiels; des 
travaux expérimentaux considérables sont poursuivis 
a cette fin. 


Propriétés Physiques et Forage des Roches, 
Par R. Shepherd, B.Sc., A.M.I.Min.E. 

L’auteur de cette introduction a récement poursuivj 
des recherches sur la résistance des roches au forage. 
Il passe en revue les méthodes employées pour 
éprouver la dureté du roc; il en examine les limitations 
dans le domaine pratique. D’autres articles traiteront 
de l'emploi du Schléroscope Shore, des études sur la 
dureté des roches et des appareils employés pour 
mesurer la résistance au foret. L’auteur discute les 
problémes du diamétre et de l’usure des forets, aingj 
que la mesure des vitesses de pénétration. Le dernier 
article de cette série traite du rapport entre le pas et 
le rendement des forets et décrit les travaux personels 
de l’auteur. 


Graissage des Turbines Hydrauliques. Par 
S. F. Chisholm, M.I.Mech.E. 

L’auteur appartient aux services techniques d'une 
importante sociéte pétroliére. Il étudie les différents 
systémes de graissage des turbo-alternateurs—unitaire, 
par gravité, auto-graissage—ainsi que la lubrification 
des commandes. II] souligne importance du choix 
des huiles dont la viscosité et la stabilité chimique 
conditionnent le fonctionnement du matériel. Une 
mauvaise huile, un circuit de grassage défectueux ne 
peuvent que causer la formation d’écume et des 
avaries de marche. L’auteur attire enfin l’attention sur 
la nécessité de l’entretien du lubrifiant en circuit. 


L’Energi Electriques en Espagne — 1950 
Par M. Castillo, Ingénieur en Chef de Hidroelectrica 
Espanola (page 134). 

Un pays pauvre en houille et en pétrole est naturelle- 
ment amené a exploiter sa houille blanche; les 
premiers aménagements hydro-électriques en Espagne 
datent de 1875 et, dés 1900, une ligne de transport 
a 66 kV avait été installée. Depuis cette époque les 
progrés ont été constants; dans les années récentes, 
Pindustrialisation croissante du pays et le taux élevé 
de la natalité ont stimulé la mise en valeur des 
ressources hydro-électriques. Le tableau des barrages 
et stations génératrices en construction indique 
importance considérable des travaux entrepris. 
L’auteur souligne les difficultés spéciales rencontrées, 
et, en particulier, celles dues a l’inconstance du climat 
et aux extraordinaires variations de débit des cours 
d’eau. Il cite, a titre d’exemple, le cas d’un cours d'eau 
dont le débit a varié de 20 millions de m'*/sec en 1936 
a 3 millions seulement en 1949. Pour pallier cette 
irrégularité, la construction de grands réservoirs de 
barrage a été entreprise; les stations seront reliées 
entre elles afin d’obtenir un rendement optimum. 
L’article donne les caractéristiques des nouvelles 
installations de Cofrentes sur le Jucar, dont le débit 
annuel est estimé 4 250 millions de kWh. 


Le Quatriéme Congrés sur |’étude des Hauts 
Barrages (page 143). 

Sommaire de ceux des travaux de la conférence 
qui offrent un intérét particulier pour les ingénieurs 
hydro-électriciens. L’auteur mentionne en particulier 
la décharge de trop-plein et les passes-déversoirs, les 
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barrages remblais de terre et de roc, les apports de 
ruissellement et les probleémes qui en découlent. Un 
orand nombre de mémoires ont ete soumis au Congres 
traitant des propriétes du béton pour la construction 
des hauts barrages et étudiant entre autres le gonfle- 
ment et l’allongement; la fissuration sous les barrages; 
l'emploi d’un béton fait de pozzolana, de scories de 
hauts fourneaux, de chaux hydraulique et d’autres 


matériaus. 


Compendio de esta Edicidén 


Pitlochry (pagina 164). 

El proyecto Tummel-Garry de la Junta Hidro- 
eléctrica de Escocia ha alcanzado una nueva fase de 
desarrollo al encarcarse la construccién de la central 
generadora de fuerza motriz de Pitlochry. En este 
articulo, el cual es el primero de dos de esta serie, se 
facilitan detalles de la funcién de la central con 
relacion a otras instalaciones comprendidas en el 
proyecto, y las obras de ingenieria civil relacionadas 
con la construccién de la presa, muros de intercepcién 
y central de fuerza motriz son descritas detallada- 
mente. Un segundo articulo describira los equipos 
mecanicos y eléctricos. 


Una Visita de Estudio en los Alpes. 
Dr. Charles Jaegar (pagina 173). 

El autor de este articulo, un eminente ingeniero 
consultante, describe algunas de las caracteristicas 
que llamaron su atencién durante una reciente 
inspeccién de centrales hidro-eléctricas subterraneas 
en los Alpes franceses e italianos. Se hace referencia 
a la presa de Tignes y a las centrales generadoras 
de fuerza motriz de Les Brevieres y Malgovert. 
facilitandose detalles de los equipos instalados, difi- 
cultades que tuvieron que vencerse en la construccién 
del tunel de presién y del hormigén empleado para 
la presa. Se facilitan detalles parecidos relacionados 
con la presa de Sta. Guistina, la cual es considerada 
como siendo formada por arcos eldsticos indepen- 
dientes de construccién empotrada en la _ porcién 
superior, mientras que los arcos gruesos para la 
porcion inferior fueron calculados de acuerdo con la 
teoria de cilindros gruesos. Este articulo continuara. 


Por 


Cualidades Fisicas y de Barrenado de la 


Roca. Por R. Shepherd, B.Sc. A.M.I.Min.E. 
(pagina 181). 

En este articulo de introduccién, el autor, quien 
recientemente ha estado realizando trabajos originales 
de investigacion cientifica respecto a las cualidades 
de “barrenado,” pasa revista de los métodos 
empleados para ensayar la dureza de la roca y discute 
sus limitaciones al ser aplicados en la técnica de 
barrenado practico. Nuevos articulos versarén sobre 
las pruebas de dureza realizadas con el Scheleroscopio 
de Shore, sobre investigaciones relativas a la dureza 
de la roca y aparatos empleados para estudiar el 
factor de barrenado. Se discuten los efectos del 
didémetro de la mecha, mechas desgastadas y la 
medicioén de las velocidades de penetraci6n. El ultimo 
articulo de la serie hace referencia a la relacién 
general que existe entre el dngulo de la mecha y la 
eficiencia de barrenado y describe trabajos experi- 
mentales practicos realizados por el autor. 
WATER 
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Tiempo, Agua y Energia. Por Irving P. Krick, 
Profesor de Meteorologia, Instituto de Tecnologia de 
California y Consultor Meteordlogo, Imcos Ltd., 
Londres. 


Los aumentos constantes en la poblacidn, las 
demandas resultantes en las facilidades ya existentes 
de energia hidroeléctrica, asi como las deficiencias de 
precipitacion de las corrientes, durante estos ultimos 
anos han dado realce a la importancia de los 
abastecimientos de manantiales. Se llevan realizados 
muchos intentos para predecir los abastecimientos de 
agua a base de variaciones climaticas 0 supuestos 
ciclos del tiempo como resultado de estudios de tres 
grupos, temperaturas ocednicas, manchas solares, 
estado de la arcilla y otros factores indirectamente 
relacionados con el tiempo, pero todos estos calculos 
tienen que ser considerados como algo inseguros. No 
queda la menor duda de que los cambios climaticos 
son reales, debido a que han afectado y, de hecho, 
han desvastado civilizaciones enteras, pero los factores 
que determinan estos cambios todavia son descono- 
cidos. Se hace un breve resumen de las variaciones 
climaticas que han tenido lugar durante los ultimos 
6.000 anos:—Parece que existid un periodo entre los 
anos 5.000 y 1.500 antes de Jesucristo en que Europa 
estaba cubierta por bosques de madera dura, mientras 
que las regiones occidentales de Asia eran secas y 
calurosas; desde el ano 1.500 antes de Jesucristo hasta 
el ano 400 de la Era Cristiana, las tempestades 
aumentaron y las temperaturas disminuyeron en la 
Europa Occidental; los bosques desaparecieron, se 
formaron depositos de brea y los hielos polares 
avanzaron con direccién al Sud. Después del afio 400 
de la Era Cristiana prevalecieron condiciones mas 
templadas, se extendid la civilizacién de Viking, y 
cambios subsiguientes dieron lugar al Renacimiento 
italiano. Durante estos ultimos afos se Ilevan 
realizados intentos para pronosticar fluctuaciones de 
largos periodos de tiempo estudiando los modelos de 
circulacién de la atmésfera, pero hasta el presente las 
anotaciones auténticas abarcan un periodo de tiempo 
demasiado corto para formar una base para prondésti- 
cos firmes, si bien la repeticidn de modelos de 
circulacion bastante estables ha sido bien establecida. 
Se hace referencia a la posibilidad de aumentar las 
lluvias valiéndose de medios artificiales ye se estan 
realizando muchos trabajos experimentales con miras 
al logro de este objeto. 


Lubricacién de Turbinas Hidraulicas. Por 
S. F. Chisholm, M.I.Mech.E. (pagina 188). 


El autor, un miembro del personal técnico de una 
bien conocida compania de aceites, discute diferentes 
sistemas de lubricacién de turbo-alternadores — el 
sistema de unidades, el sistema por gravedad y el 
sistema de aceitado automatico—y la lubricacién del 
mecanismo regulador. Se hace resaltar la importancia 
que tiene el empleo de aceites de calidades correctas, 
los cuales tienen que estar dotados de un grado 
correcto de estabilidad quimica y viscosidad en los 
casos en que se deseen obtener resultados de con- 
fianza. Cualesquier deficiencias en la calidad del aceite 
o en el diseno de los circuitos de aceite podrian 
contribuir a la formacién de espuma y otras difi- 
cultades. También se destina atencién a la necesidad 
que existe de desplegar un cuidado y tratamiento 
apropiados del aceite mientras esta prestando servicio. 
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From the Journals of the technical 
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Sand-Trap at Lavey 


It is estimated that at Evionnaz, at the intake of 
the Lavey station, the volume of alluvium carried by 
the Rhéne amounts to from 4,000 to 6,000 cu. m. per 
diam. This material, which is sufficient to fill from 
720 to 1,080 ten-ton railway trucks, constitutes a 
hazard which is the more serious as it is of a granitic 
nature. It was therefore of the utmost importance that 
the intake works should be designed in such a way 
as to prevent the greatest possible part from entering 
the intake tunnel. The solution adopted by the Tech- 
nical Service of the Lausanne Corporation was to 
build a sand-trap downstream of a perfectly straight 
mile-long section of the tunnel, at the point where a 
construction adit exists. The adit can thus be used 





as an access gallery to both the tunnel and sand- 
trap, the lower section serving as a sludge-discharge 
channel. 

The design of the sand-trap is based on the fact 
that the alluvium carried by the water in a straight 
channel with smooth walls, retains its tendency, even 
with considerable flow velocities, to gravitate to the 
bottom where it is rolled along by the current. This pre- 
cipitation is the more complete as the flow velocity is 
reduced, particularly when the channel is straight and 
of considerable length. The problem is, therefore, to 
divert the lower layer of the water together with the 
sand and gravel it carries. The accompanying diagram 
gives a general idea of the sand-trap, together with 
a few details of its main components. Beginning up- 
stream: S§ are the sills which initiate the concentration 
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of the alluvium towards a central channel which is 
divided by two guide walls into three flumes leading 
to the orifices O of the sand-trap. These orifices are 
arranged so as to avoid as far as possible obstruction 
by trash which may have passed the rack at the 
intake; they lead into elbow ducts C fitted in the 
sump F and covered by perforated plates Cf. The 
elbows are connected with the straight ducts D, which 
are led through frames Cm embedded in the wall. 
Near their downstream ends the ducts are fitted with 
sluice gates V3 and regulating gates V4. At the outlet 
of the ducts there are three sludge samplers Pr, which 
discharge into three 500-lit. tanks Ca. As the diagram 
shows, there is practically no alteration of the free 
cross-section of the tunnel; sump F is quite shallow, 
and there was no difficulty in fitting the outlet of 
ducts D and door Po into wall M-M which had to be 
provided in any case to close the opening of the 
construction adit. 

The drainage canal Cp, discharging into the Rhdne, 
forms the bottom of the access gallery Fa, and 
is covered throughout its length by a concrete floor 
provided with inspection holes. In contrast to the 
single drainage orifice of previous installations, the 
Lavey sand-trap has three, each with its own duct, 
valves and other equipment. This arrangement has 
been adopted in consideration of the inaccessibility 
of the orifices in a tunnel while the plant is in opera- 
tion and provides a means of ascertaining whether 
any of the orifices or ducts is obstructed by trash. 
Any such obstruction can be removed by means of 
compressed air injected through holes provided in 
the straight portion of the ducts upstream from sluice- 
gate V3, and between V3 and V4. 

The samplers consist each of a fixed and a movable 
frame, the latter sliding vertically by means of a small 
hoist operated by a rack-and-pinion gear. The vertical 
sampling pipe mounted on the sliding frame is bent 
at its lower end against the flow and, at its upper end, 
in the direction of the flow, so as to discharge the 
water into tank Ca; its lower end can be set at various 
heights against the jet of water issuing from gate V4, 
so that the sludge carried by the jet can be collected. 
The water leaves the tank by a suitable outlet, the 
sand and gravel remaining at the bottom from which 
it can easily be removed for subsequent drying and 
weighing. 

The cross-section of orifices O has been calculated 
so as to ensure the trapping of the greatest possible 
quantity of alluvium. The velocity of the drainage 
water at the orifices is determined in such a way as 
to be approximately equal to the velocity of the lower 
water layer in the tunnel, or slightly greater. 

Water was admitted to the tunnel and sand-trap on 
February 2nd, 1950, and in June the first generating 
set was in operation, the flow being then about 65 
cu. m. per second. 

The first samples of water ranged between 500 and 
3,000 litres, the sludge content between 0-861 and 
1-538 grammes per litre. The average amount of sand 
trapped in 24 hours was 344 tons. On September 9th 
last year, with two sets in operation and a flow of 
110 cu. m. per sec., this amount had fallen to 161 
tons, the sand content of the water being no more 
than 0-547 gr. per lit., and the sand itself being some- 
what coarser. 

The sand-trap is considered to be perfectly satis- 
factory; the very considerable weight of material 
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trapped has been established beyond all doubt, and 
it is claimed that it can be kept in continuous opera- 
tion at flood periods without any loss of water for 
power generation. It is perhaps pertinent to remark 
chat the alluvium carried by the Rh6éne in Evionnaz 
ranges from pebbles of 20 cm. in diam. to the finest 
silt; and as the trap is able to catch particles below 
1 mm., it will certainly not fail to prevent coarser 
material from entering the turbines.—Henri Dufour, 
“Bulletin Technique de la Suisse Romande,” Vol. 77, 
No. 1, 13.1.51, p. 1, 8 pp., 9 ff. 


Falcon Dam Contracts 


Falcon Dam Constructors, Houston, Texas, together 
with their Mexican subsidiary, “ Constructora Inter- 
continentai, Mexico City, and associated companies, 
were the successful bidders for Schedule No. | 
($7,801,064) and No. 2 (68,525,983 Mexican Pesos) 
contracts for Falcon dam and power plant on Rio 
Grande. The earth-fill dam will be located 75 miles 
downstream from Laredo, Texas, and will be built 
jointly by Mexico and the United States. 

Five miles long, the dam will impound four million 
acre feet of water to be used for irrigation and to 
generate power for the two countries. (“Engineering 
News-Record,” Vol. 145, No. 20). 


Cooled Concrete 


Detroit Dam is a gravity-type multiple-purpose 
structure located on the North Santiam River some 
100 miles south-east of Portland, Oregon. In addition 
to irrigation and other purposes the water it stores 
will be used to run a 100,000 kW power plant for peak 
loads in conjunction with Columbia River plants. The 
dam is 371 ft. in height above normal tailwater; the 
maximum base width is 330 ft., and the total length 
1,580 ft. About 14 million cu. yards of concrete will 
be required. The most important construction feature 
is that no longitudinal joints will be provided, which 
means that shrinkage due to cooling must be kept at 
a minimum by placing the concrete at an unusually 
low temperature. 

On the basis of such pertinent factors as mean air 
temperatures for the whole year (49-1 F.) and two 
hottest months (July-August 65 F.), river-water tem- 
perature, specific heat and thermal diffusivity of 
concrete, and the types of cement used, extensive pre- 
liminary studies were made, the first step being to 
determine the decrease in temperature that might be 
withstood without producing serious structural cracks. 
In accordance with the results of these studies it was 
decided that the 28-day temperature of mass concrete 
should not exceed 80 F., i.e. 30 F. above mean annual 
air temperature. It is expected that the dam will 
gradually cool to that extent without inducing cracks. 
Tests made on concrete intended for the Bonneville 
Dam substantiate the view that the temperature rises 
only for the first 28 days. 

The temperature limit was then determined, the 
variables considered being air temperature, placing 
temperature, thickness of lifts, time interval between 
lifts, cement content and type of cement. As to con- 
trolling the temperature rise of mass concrete in large 
dams, in addition to the normal procedure (5 ft. 
maximum lifts, minimum interval of five days between 
lifts, and lowest practicable cement content) the 
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those which occur during the 
winter months, when the air tem- 
perature is low and the concrete 
has been placed at controlled 
temperatures or the materials 
have been heated to prevent 
freezing. The accompanying dia- 
gram is an isometric projection 
of the variation of temperature 
on the face of a wooden form 
with time and distance. To meet 
the possibility of surface cracks 
occurring on a_ considerable 
portion of the concrete placed 
under the worst winter con- 
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ditions, if wooden forms are 
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removed after two or three days, 
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non-insulating forms (steel forms 
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with no wood sheeting) are used 
for contraction joints between 
blocks so that the concrete im- 
mediately under the forms will 
be inaccessible to air tempera- 
ture, and there will be no 


thermal shock to the concrete 
when forms are removed. — R. 
R. Clark and Harlan E. Brown, 
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Engineering News-Record, Vol. 
145, No. 25, December 21, 1950, 
p. 39, 4 pp., 5 fff. 


In a staff-written article in the 
same journal the method of 
laying the concrete at Detroit 
Dam is described. The plant is 
designed to produce and place 
250 cu. yards of concrete an 
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hour at 50°F. or less. This low- 
temperature mix is obtained by 
pre-cooling the ingredients. Sand 
and cement are cooled by screw- 
conveyor heat exchangers that 











have recently been put on the 
market and the coarse aggregate 








is cooled by immersion in cold 
water. The cooling sequence has 
electronic controls for automatic 
operation, and the duration of 
cooling time is determined by 
the length of time necessary to 





reduce the temperature of the 
aggregate; in this instance the 





builders of the Detroit Dam used low-heat cement, 
lowered the placing temperature by cooling materials 
before mixing, and embedded cooling pipes in the 
concrete. 

Further investigations made on the concrete tem- 
perature for 24 ft. and 5 ft. lifts at a placing 
temperature of 50 F. indicated that the mean 28-day 
temperature of the first 10 ft. of concrete is practically 
the same for both lifts when the air temperature is 
65 F.; at an air temperature of 50 F., the mean 28- 
day temperature of the first 10 ft. of concrete is nearly 
5° lower with 24 ft. lifts as compared with 5 ft. lifts. 

A study was also made of the conditions obtaining 
under the most severe temperature changes such as 


200 


6 in. to 3 in. particles had to be 
considered so that the smaller 
particles were cooled for a longer period than 
necessary. 

Rough topography at the site made the layout of 
the construction plant very difficult. The narrowness 
of the canyon made it difficult to find enough space 
for the crushers, bins, refrigeration, cooling and 
mixing equipment, cableway, etc. Accordingly the 
contractor adopted a “balanced” system of aggregate 
production: storage facilities are kept to a minimum, 
and the aggregate is produced almost as needed. 
Almost all of the equipment on the job is electrically 
powered, the total connected load being 7,750 h.p.— 
Engineering News-Record, Vol. 145, No. 26, Decem- 
ber 28, 1950, p. 31, 3 pp., 4 ff. 
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Te | Panes are joined ty cron of concrete placed on all types of construction. 
V- i keying—the wedge-shape keys ; . : 
DY | ensure positive locking of — ‘‘BLAWFORM”’ Shuttering is offered for sale or hire and 
; RR eel d fitments. niin : 
° : ———e schemes can be prepared by our specialist staff without 
a mS placing the contractor under any obligation. 
1€ : ; 
te 
Id ae. Ct 
as " : Horizontal liner ties are 
ic i © | secured by cross keying to the 
of a if@e oe centre angle of panels. 
V 
@ 
1 
e ‘ 
re — F Liner secured in correct 
or af position by single key—this 
in wy. ' 3 brings panels into correct 
ee : horizontal alignment. 
of 
Ss 
e 
id 
e j : 
te Vertical liner ties and vertical | 
. ' | finers, secured by one key | 
ry ; _- ensure correct vertical | d with ne tuners 
, lignment. ORMS” “se 
y : Tx. cra omer wall construction: Ss mEET ' 
au 55 5 CLIFTON HOUSE, EUSTON ROAD, LONDON, N. 
51 oo oo 


WATER POWER May 1951 





HYDRO-ELECTRIFICATION SCHEME, MOYAR 


75h.p. Motor... 7 ft. dia. Drum ... I gin. dia. Rope 
150 f.p.m. Rope Speed .. . 414 degrees Maximum 
Gradient . .. Load 6 tons Hoisting, 18 tons Lowering 








m.B.WhD eer 


NECHELLS 


BIRMINGHAM 





Road 2,200 ft. Long 
Pull in Rope Maximum 30,000 Ibs. 





OVERHEAD 


When handling loads by 
man-power you cannot 
do better than instal a 
VAUGHAN Hand Crane. 
Easy to operate, and 
inexpensive to maintain, 
these hard - wearing 
rugged products still find 
unlimited uses in modern 
industry 























Gsk for Cat. Section 


SG.Z7 o D.G.5. 


Made in Single- or Double: 
Girder Types and in sizes 
from 3 - 30 tons capacity. 
Roller bearing runners, 
high factor of _ safety, 
worm geared hoisting 
motion | 


THE VAUGHAN CRANE CO. LTD. 
WEST GORTON, MANCHESTER 12. 
ENGLAND. 


Telephone EASt 1473. 
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Fitted as Navvy shovel 





However much it takes to make a mountain, there is no doubt that the gross output achieved 


in the long working life of a Smith Super 10 would create no mean escarpment ! 


The Super 10 is of advanced design and embodies many unique features resulting in 


trouble-free performance and high output at low running cost. Illustrated above with navvy 


attachment, it is also quickly convertible to other working requirements by means of 


dragshovel, dragline, skimmer and crane attachments. 


Standard bucket capacity : 2 cubic yard. 


SMITH cranes and excavators 


THOMAS SMITH & SONS (RODLEY) LTD CRANE & EXCAVATOR WORKS RODLEY LEEDS 


Specialists in the design and manufacture of Cranes and Excavators 
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ANDERSON 


ELECTRIC 
DERRICK 


CRANES 
OUTSTANDING FEATURES: 
@ “UNIT” GEARING 

SUPERIOR VISIBILITY 

HIGH SPEED OPERATION 

RELIABILITY 


ECONOMY 





LONDON OFFICE: 
Finsbury Pavement House 


120 Moorgate, E.C.2 
Telephone: MONarch 4629 


7 ton Crane with 120 ft. Jib on Loch Sloy Hydro-Electric Project. 


Phone: Carnoustie 2214-5 


THE ANDERSON-GRICE CO.LTD: .0n:: c1mono, carnousri 





| TAYMOUTH ENGINEERING WORKS - CARNOUSTIE - SCOTLAND | 











\ 
N 
Ss 


AND MAKE SURE OF YOUR 
Saget 


THEY ‘SET THE COURSE’ FOR 
ENDURING RELIABILITY 








for Hydro Electrical Installations, 
Turbine Thrusts, Pedestal Bearings, 
Motors, Generators, Pumps (Vertical 
and Horizontal), Fans, Paper-Making 
and Extruding Machines, etc. 


MIG ELL 
BEARS 


SOUTH BENWELL NEWCASTLE upon TYNE 


Telegrams Telephone: 
MICHBEARO 34279 





PIPE LINES are only one example of a production welding job 
planned by Fusare. There are scores of other examples in a wide 
field of work, illustrated in Fusarc Production News Sheets, 
free copies of which will be sent regularly on request. 


|FUSARC|—— 


{ MECHANISED WELDING 











FUSARC LTD., DEPT. C733, TEAM VALLEY, GATESHEAD-ON-TYNE I! 
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Aluminium Bronze 

180 hop Turbine 
Runner supplied to Messrs. 
Gilbert Gilkes & Gordon 
Ltd.. of Kendal, England 


HIGH TENSILE | 
ALUMINIUM BRONZE 


CASTINGS 


WATER POWER 
INSTALLATIONS 


possess a Tensile Strength of 45 tons per sq. in., 
have a specific gravity of only 7.5 and are 
guaranteed to withstand any hydraulic pressure; 
also highly resistant to erosion, corrosion and 
abrasion. 


We are specialists in all kinds of Non-Ferrous 
Castings in PHOSPHOR BRONZE, GUN- 
METAL, MANGANESE BRONZE, ETC. and in 


Light Alloy Castings, Chill-Cast Phosphor Bronze 
Rods and Tubes, Precision Machined Parts, etc. TRA N S M | S S | O N TOW E RS 
Specialists in the design, manufacture and supply of 
Fully approved by Admiralty and A.I.D. these towers for this country and overseas. 


BI04 The complete manufacture of these towers, including 


T M. BIRKETT g SONS. [TD es is undertaken in these works. s 
HANLEY - STAFFS Ti Si d 
‘Grams: Birkett. Hanley Phone: Stoke-on-Trent 2184-5-6 CeS I fo 


n association with THE TEES SIDE BRIDGE & ENGINEERING WORKS LTD. 
BILLINGTON & NEWTON LT® LONDON OPNCE: 17 WCTOMA SF. S:WA PRUMTENEEET MINE tote 
LONGPORT, STOKE-ON-TRENT = 


ms:Bronze.Phone,Longport ‘Phone:Stoke-on-Trent 87303-4 488/47 
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HYDRO-ELECTRIC PIPELINES 


Mild steel bifurcation pipe for water 
supply pipeline. Suitable for a work- 
ing pressure of 600 feet head. 








SCOTSTOUN IRONWORKS, GLASGOW, W.4 


Phone: Scotstoun 22/1! Grams: ‘* Nautical, Glasgow” 


LONDON: 1|0 PRINCES STREET, WESTMINSTER, S.W.| ’Phone: WHltehall 4288 


BRFCO ROPEWAYS 
CABLEWAYS 


Prelude to Power... 


BRECO Ropeways and Cableways provide vital links in the chain 
which converts H,0 to K.V.A. Short links or long lirks—BRECO 
can build ropeways for dam building of any capacity or length, 
incorporating every labour saving device .Experience counts and 
Breco are the largest suppliers of heavy capacity ropeways in the 
world today. Advice and literature freely and willingly supplied. 


BRITISH ROPEWAY ENGINEERING CO. LTD. 


PLANTATION HOUSE, MINCING LANE, LONDON, E.C.3 Tel. Mansion House 4681-2 
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Switchgear: 
CIRCUIT BREAKERS 


ISOLATING SWITCHES 


INSTRUMENT 
TRANSFORMERS 


SWITCHBOARDS, ETC. 


Lip By 


ria 
et 
1A 
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tf 


installed at Forsmo (North Sweden) on the 120 kV 


& Triple Pole Low Oil Content O.C.B.—Type PO/143 
main system of Kungliga Vattenfallsstyrelsen 





For Water Well Drilling—Diamond Core 


Drilling —- Geophysical Surveys, Soil Mechanics 


Shaft Sinking—-Adit Driving—in any part of the 


(OVERSEAS) LTD. 
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Iddesleigh House, Caxton Street, Westminster, London, $.W.!. Cables: Adrilleo, London. Telephone: Abbey 3242 (3 lines) 
P542 
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Aligemeine Elektricitats Gesellschaft 

Allmanna Svenska Electriska Aktie- 
bolaget 

Anderson-Grice Co. Ltd. 

Armfield Hydraulic Engineering Co. 
Ltd., The : 

Arrol, Sir Wm. & Co. Ltd. 

Associated Drilling & Supply 
(Overseas) Ltd. 

Ateliers de Constructions Electriques 
de Charleroi 

Ateliers de Construction 
iques de Vevey S.A. 

Ateliers de Construction Oerlikon 

Atlas Diesel, Aktiebolaget 

B 

Balfour, Beatty & Co. 

Bell, Theodore, Ltd. 

Birkett, T. M. & Sons Ltd. 

Blackwood, Hodge J. & Co. Ltd. 

Blakeborough, J. & Sons -Ltd. 

Blaw Knox Ltd. 

Boving & Co. Ltd. 

Brady, G. & Co. Ltd. 

British Insulated Callenders Cables 
Ltd. 

British 
Ltd. 

British 

Brown Boveri & Co. 

Bruce Peebles & Co. 

Butters Bros. & Co. 

C 

Cementation Co. Ltd., The 

Ceretti & Tanfani Ropeway Co. Ltd. 

Christiani & Nielsen 

Climax Rock Drill 
Works Ltd. 
onsolidated 
Ltd. 

‘ooke & Ferguson Ltd. 
ostain, Richard, Ltd. 
‘rompton Parkinson Ltd. 


Co. 


Méchan- 


Ltd. 


Ropeway Engineering Co. 


Thomson-Houston Co. Ltd. 
Ltd. 
Ltd. 
Ltd. 


& Engineering 


Pneumatic Tool Co. 


| 


| 
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Pyrotenax Ltd. oe 
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South Durham Steel & Iron Co. Ltd. 

Standard Telephones & Cables Ltd. 

Steatite & Porcelain Products Ltd. 


T 

Taylor, Tunicliff & Co. Ltd. 

Taylor Woodrow Construction Ltd. 

Teeside Bridge & es cgi Works 
Ltd., The 


Vv 
Vaughan Crane Co. Ltd. 
Voith, J. M., G.m.b.H. 


Ww 

Watson, Robert & Co. 
tional Engineers) Ltd. 

Westinghouse Electric 
Company 

Wimpey, Geo. & Co. Ltd. 

Winget Ltd. aa 

Wild, M. B. & Co. Ltd. 

Y 

Yorkshire 
Ltd. 

Yorkshire Switchge: ir & Engineering 
Co. Ltd. a 


(Construc- 


International 


Electric Transformer Co. 
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YORKSHIRE SWITCHGEAR 


eS 


INDOOR/OUTDOOR 


Fully tested for Short Circuit Rating and tested climatically 
for home and tropical, indoor and outdoor use. These tests 
reveal the quality of the design, and our reputation for 
quality of manufacture promotes ccnfidence in the 


~— - 
— Greve y,: 


enc. “Su. io 


B.LF. BIRMINGHAM 
VISIT STAND (C327 


YORKSHIRE SWITCHGEAR & ENG. CO. LTD. 


Telephone: 51020-8-9 


LEEDS 6. 


Telegrams : ‘ Controller "’ 


London Office & Showroom : Grand Bidgs, Trafalgar Square, W.C.2 Phone: Whitehall 3530. Grams: Tramsuplim, Rand 


ASSOCIATED WITH 


ELECTRO MECHANICAL 


MANUFACTURING CO., 


LTe.. 


performance of the gear in service 


SCARBOROUGH 





Published by Toruitt 
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W. & H. Smitn Lrtp.. 
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Evesham. Worcestershire 
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The approach to Dry Rock Drilling 


— DUST FREE 


The Holman Dryductor Drill 


traps all dust at source and 
removes it from the face 


After six years of concentrated experimental efforts — work began on 

May Ist, 1945—Holman Bros. Ltd. are able to announce a dry drilling 
dustless rock drill — the DRYDUCTOR. This is the culmination of 71 

years of progress in rock drill design and is a new development in the 
prevention of dust diseases in mines, collieries, tunnels, quarries, wherever 
rock is drilled. The DRYDUCTOR extracts the dry dust as it is made, 
passes it through the rock drill and draws it away from the face by pipeline. 

The system works with any method of conserving or disposing of dust. 

The DRYDUCTOR is in the highest tradition of Holman design and Holman 

precision engineering and is destined to set a new standard in rock drilling. 
technique. 

As shown, the DRYDUCTOR is mounted on an Airleg, but it may be hand- 
held or used on any form of mounting. It will drill at any angle. 


Further particulars available on request. 
World patents pending. 





SEE IT AT THE B.LF. 


Visitors to the B.I.F. Birmingham (April 30—May 11) are 
cordially invited to see the Holman Dryductor Drill in action on 
Outside Stand No. 1205/1104. 


TEL F SUBSIDIARY COMPANIFS, BRANCHES AND AGENCIES THROUGHOUT THE WORLD. 
EPHONE : CAMBORNE 2275 (7 lines) TELEGRAMS : AIRDRILL, CAMBORNE. 
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MORE POWE fg 


eee e « Means prosperity 


Today the prosperity of any country is directly 
dependent on the amount of electrical power 
available. The M-V organization by supplying 
steam, hydro-electric and gas-turbine power plant 
for power stations at home and abroad is making 
an important contribution to world prosperity. 


The above photograph shows the Pitlochry station on 
the Tummel-Garry scheme of the North of Scotland 
Hydro-electric Board, containing two Metrovick 
8,333 kVA generators. Other M-V_ equipment, 
including switchgear and transformers, is assisting 
the latest industrial developments in Scotland. 


YY METROPOLITAN-VICKERS ELECTRICAL CO. LTD., MANCHESTER If 


Member of the A.E./. group of companies 


WMO NOLAE® electrical equipment for hydro-electric schemes 











